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EFFECTS OF CERTAIN OPERATIONS ON THE 
ESOPHAGUS OF THE DOG 


INCLUDING ESOPHAGEAL OBSTRUCTION AND COMPLETE 
ESOPHAGEAL FISTULA * 


WILLIAM DeW. ANDRUS, M.D. 


AND 
JOSEPH L. DONNELLY, M_D. 
CINCINNATI 


The important observation by Haden and Orr?’ in 1923 that 
obstruction of the esophagus or of the cardiac end of the stomach in 
the dog is rapidly fatal has been confirmed by Wangensteen and Chunn.’ 
Such animals die in from thirty-six to seventy-two hours if untreated. 
In view of the great significance of these observations, further study 
has seemed worth while in an attempt to procure more data regarding 
the abnormal physiology concerned in the lethal outcome. 


METHODS 


All operations were performed under ether anesthesia after the preliminary 
administration of % grain (0.016 Gm.) of morphine sulphate hypodermically. The 
morphine caused emesis and purging. Samples of blood were drawn before upera- 
tion and at subsequent intervals and determinations of the blood chlorides, the 
carbon dioxide combining power of the plasma, the blood urea nitrogen and, in 
some cases, of the blood sugar were carried out. The animals were not given any 
food or water, except as indicated in the accompanying tables. In certain experi- 
ments, the rectal temperature was taken before operation and daily thereafter. - 
All dogs were kept in cages, and the amount of urine and feces observed. The 
excreta were scanty, however, and after careful measurement and analysis in a few 
cases further collection was abandoned, as the data obtained were not significant. 
A series of animals were weighed before operation and after death, and the loss 
of weight was noted. Postmortem examinations were performed, and all animals 
discarded from the series in which an obvious cause of death other than esophageal 
obstruction, such as empyema, pneumonia or mediastinitis, was demonstrable. 

In order to make the operations similar in as many cases as possible the follow- 
ing procedure was used in most instances: An ordinary wooden spool was whittled 
into an hour-glass shape, and the hole through the middle enlarged to permit the 
insertion of a thin-walled, nickel tube about 1 cm. in diameter, which projected 
for a distance of about 1 inch from the lower end of the spool. In order to 


* Submitted for publication, Sept. 3, 1929. 

* From the Laboratory of Experimental Surgery, Department of Surgery, 
University of Cincinnati College of Medicine. 

1, Haden, R. L., and Orr, T. G.: J. Exper. Med. 38:477, 1923. 

2. Wangensteen, O. H., and Chunn, S. S.: Studies in Intestinal Obstruction, 
Arch. Surg. 16:1242 (June) 1928. 
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produce obstruction, the hole in the spool was plugged with wood, and for the 
production of esophageal fistula a soft-walled rubber tube of large caliber was 
attached to the nickel tube projecting from the spool, and was brought out through 
a tangential gastrostomy opening. In other cases the spool with tHe short nickel 
tube inserted was ligated in the esophagus, permitting the passage of saliva into 
the stomach, the animals, however, having been subjected to operations of prac- 
tically the same magnitude as in the cases of obstruction and fistula. 


EFFECTS OF SIMPLE ESOPHAGEAL OBSTRUCTION 


In six animals the esophagus was completely obstructed: five times 
in the cervical region and once just above the diaphragm. The animals 
invariably died. The average duration of life was fifty-three hours, the 
extremes being forty-eight and seventy-two hours. Table 1 shows the 
data obtained from this series. 

The changes noted in the blood were a fall in blood chlorides, a 
slight decrease in the alkali reserve and a considerable rise in the blood 
urea. The weight lost by such animals averaged 9 per cent. 


TasLe 1.—Effects of Esophageal Obstruction (Six Animals) 








Average Lowest Highest 

Deetiame. Oe TR occ hind ocd s ch oviancovdegvéctndecaboerved 53 hours 48 hours 72 hours 

orides before operation...............se.ee0e. 457 363 620 
Blood chlorides just before death...................0++ 351 211 600 
Carbon dioxide combining power before o) tion. . 39 30 47 
Carbon dioxide copubinins — just re death.. 36 24 
Urea nitrogen before operation............ssescscceesese Q 8.3 4 
Urea nitrogen just before death idaktle cetihdhecesovese 62.1 111 130 
SOK CE WURs kk ba ncbeweb cacdevasssqcdcécccunsscdactecce ¥% 





EFFECTS OF ESOPHAGEAL FISTULA 


While Pavlov * and others * have reported that animals with esopha- 
geal fistulas can be kept alive if a previous gastrostomy is performed for 
feeding purposes, Jackson® in 1923 called attention to the fact that 
patients fed through gastrostomy do much better if their saliva is 
admixed with the food. This fact is now widely acknowledged by 
clinicians. 

For the purpose of comparison with the effects of esophageal 
obstruction and in order to note the results of esophageal fistula without 
food or fluids, fistulas were established in seven animals. In three, the 
fistula was made in the neck by dividing the esophagus, inverting the 
lower end and bringing out the upper end through a stab wound to the 
left of the midline incision. In four, the procedure already described, 


3. Pavlov, J. P.: Handbuch der physiologischen Methodik, 1908, vol. 2, part 2. 


4. Pavlov, J. P., and Schumowa-Simonowskaja: Arch. f. Anat. u. Physiol., 
1895. 


5. Jackson, Chevalier: Arch, Pediat. 40:324, 1923. 
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i. e., ligation of a hollow spool with a tube attached in the thoracic 
esophagus, bringing the tube out through a gastrostomy opening, was 
employed. In these experiments also, the animals invariably died. The 
effects of esophageal fistula are shown in table 2. 

The average duration of life was somewhat longer than in the 
animals with obstruction, being seventy-three hours. One dog died in 
thirty-six hours, while one lived ninety-six hours, and one 144 hours. 
The blood chlorides were not so strikingly decreased as in the animals 
with esophageal obstruction, falling below normal limits in only one 
animal. The alkali reserve of the blood, however, was more profoundly 
affected, an average fall of 10 per cent by volume in the plasma carbon 
dioxide capacity (25 per cent of the average preoperative value) being 
noted. The blood urea rose above normal limits in only one animal of the 


oO 


A, esophageal obstruction. Solid spool ligated in the thoracic esophagus. 
B, hollow spool ligated in the thoracic esophagus. C, esophageal fistula. Tube 
attached to hollow spool brought out through gastrostomy. 


Taste 2.—Effects of Esophageal Fistula (Seven Animals) 











Average Lowest Highest 
ESE OE ine tnca st itae eh 4nd ek adicesdiesccazees 73 hours 36 hours 144 hours 
Blood chlorides before operation...................005+ 589 429 670 
Blood chlorides just before death..................... 520 321 625 
Carbon dioxide combining power before operation.... 40 29 46 
Carbon dioxide combining power just before death... 30 18 40 
Urea nitrogen before operation..............cccseeeeees 11.5 9.8 20 
Urea nitrogen just before death..................ee000- 19.5 9.0 42.7 
Rectal temperature before operation.................. 98.8 98 99.6 
Highest temperature after operation.................. 101.2 100 104.6 
Te GE, Ts ativan dk dike db ok hth WES hocks évedseccssos 10% 7% 28% 





series. 


Loss of weight was a more prominent feature with fistula 


than with obstruction, the average loss of weight being 16 per cent of 
the preoperative weight, and the extremes being 7 per cent and 28 
per cent. No marked temperature changes were noted, the average 
rectal temperature before operation being 98.8 while the average highest 
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temperature before death was 101.2. In one animal, the rectal tempera- 
ture reached 104.6 just before death. 


EFFECTS OF LIGATION OF THE ESOPHAGUS AROUND A HOLLOW SPOOL 


In order to determine the effect of ligation of the esophagus around 
a hollow spool placed in the lumen of this structure, this operation 
was performed in two animals. One of these lived seven days and one 
eleven days, both dying of empyema and mediastinitis caused by leakage 
from the esophagus due to the tape having cut through the wall. These 
animals exhibited little change in the chemical composition of the blood 
as indicated in table 3. The rise in temperature, and indeed the ulti- 
mate lethal outcome, can well be explained on the basis of the complicat- 
ing infection. It is significant, however, that with an average duration 
of life of nine days the average loss of weight was only 11.5 per cent, or 
about the same amount as seen in the cases of obstruction in which the 


Taste 3.—Effects of Ligation of a Hollow Spool in Thoracic Esophagus 
(Two Animals) 








Average Lowest Highest 
eR: GF ic ick Vewedins once sncone vawinadannaadesaken 9 days 7 days 11 days 
216 hours 168 hours 264 hours 
Blood chlorides before operation..................+...- 615 610 620 
Blood chlorides just before death................-.s005. 610 605 615 
Carbon dioxide combining power before operation.... 38.5 33 44 
Carbon dioxide combining power just before death... $1.5 27 36 
Highest temperature after operation.................. 104.3 108.8 104.8 
LORS GE ie ad conuhtc<0sccbstadagiocssccth puna daesae 11.5% 97 14% 


Ligatures cut through and dogs died of mediastinitis, empyema and pneumonia. 





animals lived only forty-eight hours, and considerably less than in the 
animals with esophageal fistula in which the average duration of life 
was seventy-three hours. 


EFFECTS OF ESOPHAGEAL OBSTRUCTION FOLLOWED BY THE 
INJECTION OF SODIUM CHLORIDE 


Haden and Orr® have reported that animals in which ligation of 
the cardiac end of the stomach had been performed could be kept alive 
for thirty-two days or more if given sufficient amounts of sodium 
chloride (40 cc. per kilogram) after operation.’ In three animals we 
have produced a complete esophageal obstruction and then injected 40 cc. 
per kilogram of 1 per cent sodium chloride hypodermically each 
day including the day of operation (table 4). The duration of life 


6. Haden, R. L., and Orr, T. G.: J. Exper. Med. 48:627, 1928. 
7. Haden and Orr (footnote 1, p. 479) state, regarding the dogs with ligation 
of the cardiac end of the stomach, that “. . . in no animal was the cardiac 


opening completely occluded. In most instances a lead pencil could be passed 
through.” 
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in these animals was not prolonged. The alkali reserve fell about 16 
per cent by volume, but the blood urea nitrogen remained within normal 
limits. While some fall in the blood chlorides was noted, it did not 
reach a point significantly below normal limits. An average rise of 
1 degree in the rectal temperature was noted. The average loss of 
weight in these animals was 9 per cent. 


EFFECTS OF ESOPHAGEAL OBSTRUCTION FOLLOWED BY THE INJECTION 
OF SODIUM CHLORIDE AND SODIUM BICARBONATE 


Because of the invariable decrease in the alkali reserve in the ani- 
mals of this series often to a point well below normal limits, esophageal 


Taste 4.—Effects of Obstruction of the Esophagus Combined with the Adminis- 
tration of Forty Cubic Centimeters of Two-Tenths Saline per Kilogram, 
Four Times Daily (Three Anizmals) 








Average Lowest Highest 
PREOO  OR Te iio dinrnsctplince vouhucnetiasesuneceunns 43 hours 40 hours 48 hours 
Blood chlorides before operation..............sseeeseees 549 402 625 
Blood chlorides just before death...............-..0s+ 550 430 615 
Oarbon dioxide combining power before operation.... 37 28 42 
Carbon dioxide combining power just before death.. 21 1s -u 
Urea nitrogen before operation..............ssseeeeees 9.9 6.7 13 
Urea nitrogen just before death................cceeeees 10.5 10 11 
Rectal temperature before operation................++. 100.7 99 102.5 
Highest temperature after operation................... 101.7 99.2 104.2 
EU Ge Ci isi oa saeinlnnc ddd tae ats hades vdscuincese 9% 





TarLe 5.—Effects of Esophageal Obstruction Combined with the Administration 
of Two-Tenths Normal Saline Forty Cubic Centimeters per Kilogram 
and Sodium Bicarbonate One Gram per Kilogram Daily 
(Five Animals) 








Average Lowest Highest 
Wpereiams: OC: Tis ews ratiak tines ns ebcsetets cticnseoenece 46 hours 24 hours 80 hours 
Blood chlorides before operation..................000+- 574 550 580 
Blood chlorides just before death.....................6. 614 605, 622 
Carbon dioxide combining power before operation.... 43 37 54 
Carbon dioxide combining power just before death.... 39 34 47 
Rectal temperature before operation................... 100.5 100.2 100.8 
Highest temperature after operation.................. 102.7 100.6 106.4 
EIT TE Win chs ak beh Ch ccs seete ns bbbnes pctecescesen 11% 





obstruction was produced in five animals, and 40 cc. of 1 per cent 
sodium chloride and 1 Gm. of sodium bicarbonate per kilogram 
of body weight were injected each day after operation. These measures 
also failed to prolong life, although no significant fall in blood chlorides 
or alkali reserve values were noted. 


THE EFFECTS OF COMPLETE FOOD AND WATER STARVATION ALONE 


Since, except as has been indicated, none of the animals with experi- 
mental esophageal obstruction received any food or water, it was con- 
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sidered advisable to follow up animals under conditions of complete 
food and water starvation. Three animals, therefore, were anesthetized 
with ether for one hour and then kept in cages without food or water. 
Administration of water was begun after twenty-three days in two 
animals, the third was allowed to die without fluids or food. These 
animals lived for twenty-three days or more, one surviving for thirty- 
two days. Some decrease of blood chlorides occurred in two of the 
dogs, and all showed a fall in the alkali reserve. A terminal rise of the 
blood urea nitrogen as noted by Bacon, Anslow and Eppler ® in their 
studies on dehydration was observed in the single animal allowed to die. 

Several other control experiments were performed. In one animal 
all of the vagus branches were sectioned just above the diaphragm and 
the esophageal wall itself divided down to the submucosa. This animal 
was not given any food or water for ten days, but was in good condition 
at the end of that time. Food and water were then permitted, and the 
animal was followed up for ninety days, at the end of which time he 


TasLe 6.—Effects of Water and Food Starvation (Three Animals) 








Duration of life 

Blood chlorides before operation 

Blood chlorides just before death 

Carbon dioxide combining power before operation.... 
Carbon dioxide combining power just before death.... 
Urea nitrogen before operation 

Urea nitrogen just before death 





did not show any ill effects. The chemical composition of the blood 
exhibited no significant changes during that time. 

Division of the cervical esophagus with immediate end to end 
anastomosis was not followed by any ill effects, except a fall in blood 
chlorides of 34 per cent. The animal recovered completely. 


SUMMARY 


The striking result of these experiments is that dogs invariably die 
following the sudden and complete obstruction of the esophagus ; also, 
the production of esophageal fistula without subsequent administration 
of fluids was invariably followed by death in the animals of this series. 
The cause of death in these animals is not clear. Dehydration, while 
it may play a rdéle, is not the sole agent, as evidenced by the fact that 
animals can live for thirty days or more when food and water are 
entirely withheld. Further, animals dying with esophageal obstruction 
do not exhibit the terminal rise in temperature usually seen in animals 
dying from dehydration. 


8. Bacon, D. K.; Anslow, R. E., and Eppler, H. H.: Intestinal Obstruction, 
Arch. Surg. 3:641 (Nov.) 1921. 
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The studies of the changes in the chemical composition of the blood 
in this series indicate a tendency toward a decrease in the carbon dioxide 
combining power of the plasma and in the chlorides of the blood in 
some animals, but these changes are not constant. The blood urea 
nitrogen showed a terminal rise in a few instances. The average dura- 
tion of life following the production of esophageal fistula and without 
the administration of fluids was seventy-three hours, one animal living 
for six days. 

We have not been able to increase materially the duration of life 
in animals with esophageal obstruction by the administration of sodium 
chloride, or of sodium chloride and sodium bicarbonate. 

The fact that animals with esophageal fistulas die in almost as short 
a time as those with esophageal obstruction, and apparently in a similar 
manner, suggests that the loss of saliva may play an important role in 
the lethal outcome. Studies are now being made with regard to this 
point. 





LIVER AUTOLYSIS IN VIVO* 


JAMES C. ELLIS, M.D. 
AND 
LESTER R. DRAGSTEDT, M.D. 
CHICAGO 


The question of the effect of in-vivo autolysis of tissues has been 
reopened by the recent reports of Mason, Davidson, Matthew and 
Rastello, Wangensteen and Waldron? and Haden and Orr * that the 
aseptic autolysis of small portions of liver in vivo is uniformly fatal 
in dogs. This conclusion was reached following the finding that the 
ligation of a lobe of the liver in the dog or the placing of a free portion 
of dog’s liver, obtained with strict aseptic precautions, in the general 
abdominal cavity regularly caused death in from fifteen to sixty hours. 
In 1917, Dragstedt, Moorhead and Burcky‘* reported that the in-vivo 
autolysis of short, isolated sections of intestine that had been sterilized 
by prolonged drainage into the peritoneal cavity did not produce any 
serious effect in dogs. When such segments were infected, however, 
death followed shortly after the occlusion of their blood supply. In 
1921, and later, we found that a similar situation obtained in the case 
of the spleen and the kidney. When these organs were sterile, a liga- 
tion of the blood supply with resulting necrosis and absorption was 
without effect in dogs, but it caused death when these organs were 
infected. The presence of gas-forming anaerobes was more fatal than 
that of other organisms. In the experiments with so-called aseptic 
autolyzing liver, the observers commented on the formation of gas in 
the necrotic tissue. 


The question of the formation of highly toxic substances from body 
tissues through hydrolytic decomposition brought about by intracellular 


* Submitted for publication, Sept. 3, 1929. 

*From the Department of Surgery of the University of Chicago. 

* This work has been done under a grant from the Douglas Smith Founda- 
tion for Medical Research. 

1. Mason, E. C.; Davidson, E. C.; Matthew, C. W., and Rastello, P. B.: 
Tissue Autolysis in Vivo: I. Blood Changes: Physical and Chemical, J. Lab. & 
Clin. Med. 10:622, 1924; A Study of Tissue Autolysis in Vivo: II. A Pharma- 
cological Study of the Toxic Material, J. Lab. & Clin. Med. 10:906, 1924. 

2. Wangensteen, O. H., and Waldron, G. W.: Studies in Intestinal Obstruc- 
tion: IV. Strangulation Obstruction, Arch. Surg. 17:430 (Sept.) 1928. 

3. Haden, R. L., and Orr, T. G.: The Blood Chlorides in Proteose Intoxi- 
cation, J. Exper. Med. 48:639, 1928. 

4. Dragstedt, L. R.; Moorhead, J. J., and Burcky, F. W.: Intestinal Obstruc- 


tion. An Experimental Study of the Intoxication in Closed Intestinal Loops, J. 
Exper. Med. 25:421, 1917. 
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enzymes is of great practical and theoretical interest. For the most 
part, the development of toxicity in autolysates conducted in vitro has 
been produced by contaminating bacteria. In-vivo autolysis of varying 
amounts of tissue probably occurs after every surgical operation, the 
degree depending on the amount of tissue left within the grasp of 
ligatures. Many surgeons have commented on the hazard of leaving 


dead tissue in wounds, and in particular have stressed the disastrous 
effect of infection in such cases. 


TaBLe 1.—The Effect of Ligating a Lobe of the Liver and Leaving It in Place 











Effect on 
Nonprotein 
Length N, Urea N Obser- 
of Life, and NaOl vations 
Dog Procedure Hr. in Blood at Autopsy Remarks 
230 «€©Leftlobeofliver Lessthan None  Ligated lobe of liver 
ligated (ap 20 necrotic gray and 
proximate spongy; some 
weight of liver chocolate fluid in 
75 Gm.) the abdomen 
282 Left lobe of liver Less than None Ligated lobe of liver Hemorrhage around 
ligated (ap- 20 soft, gray and the ligature 
proximate spongy; about 250 
weight of liver ec. of pure blood 
75 Gm.) in the peritoneal 
cavity 
339 Small lobe on Less than NaCl fall ines lobe of liver Perhaps a death from 
left side of liver 24 100mg. _ slightly darker hemorrhage 
ligated per 100 than the rest; 
ec. of about 300 ce. of 
blood; blood in the peri- 
NPN and _ toneal cavity 
Urea N 
Unehanged 
334 Small lobe on 20 None Ligated lobe of liver 
left side of liver gray-brown, 
ligated mushy and full of 
gas bubbles; loops 
of intestines about 
the lobe showed in- 
jection 
345 Small lobe on 20 None 50 ec. of thick, Spore-bearing anaero- 


left side of liver ehocolate brown 


ligated at its fluid in the abdo- 

base with cat- men; periphery 

gut of the ligated lobe 
of liverdark brown, 
spongy, containing 
gas; periphery 
nearly normal 


bie bacillus cultured 
from the liver at 
necropsy; apparent- 
ly not B. welchii 





In the following experiments, an attempt has been made to deter- 
mine the rdle of bacteria in the rapid death produced by liver autolysis 
in vivo. All experiments were performed on dogs under complete 
ether anesthesia. In series 1, consisting of five dogs, the small left 
lobe of the liver was ligated, with strict aseptic precautions, the lobe 
was left in place, and the abdomen closed. All the animals died in less 
than twenty-four hours. In every instance, the ligated lobe of liver 
at autopsy was grayish brown, soft and spongy and contained gas. 
Cultures secured in one instance revealed an anaerobic, gram-positive 
bacillus in the necrotic liver. Detailed protocols are given in table 1. 
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In series 2, a somewhat different procedure was employed. The 
abdomen was shaved and scrubbed with soap and water, according to 
the usual technic. A solution of 95 per cent phenol was then applied, 
allowed to remain for a minute or two, and then removed with alcohol. 
The abdomen was then opened by a long midline incision, and the knife 
discarded. The wound was widely retracted, and sterile clamps were 
introduced and placed on the common bile duct and the portal vein, 
respectively. Lobes of liver were then excised with forceps and scissors, 
care being taken that the liver tissue should come in contact with the 
gloved hand of the operator as little as possible. Small pieces of liver 
were immediately transferred to sterile Petri dishes. Cultures were 
made in plain broth, and to secure the growth of anaerobic forms, 
pieces of liver were dropped into long tubes containing skimmed milk 
with bromcresol purple and in others with egg-meat-broth mediums. 
These tubes had been previously heated to drive off the air, then cooled, 
inoculated and sealed with vaseline. The broth cultures remained 
sterile. In both the milk and egg-meat mediums, growth was obtained 
in forty-eight hours, as a rule. This was a gram-positive bacillus, and 
it was obtained from all anaerobic cultures of the fresh uncontaminated 
livers of the four living dogs of this series. The organism was not 
definitely identified, but had the following characteristics. It was a 
slender rod with spores at one or both ends, stained by Gram’s method 
but better with Loeffler’s methylene blue, formed medium-sized colonies 
with a marked zone of hemolysis on blood agar plates incubated in 
desiccators from which the air had been almost completely exhausted, 
produced gas when grown on meat, produced acid, gas and coagulation 
in milk, the clot being somewhat liquefied, and was a strict anaerobe. 
It was not identical with Bacillus welchii, though similar in some 
respects. After cultures had been made of the freshly removed liver, 
pieces weighing 70 and 80 Gm. were placed in the free abdominal cavi- 
ties of two normal dogs. Both animals died within thirty hours. In 
both cases, the transplanted liver was necrotic, friable and spongy with 
gas. The same gram-positive, anaerobic bacillus was cultured from 
this tissue. In another dog, a piece of liver (100 Gm.) was introduced 
between the muscles of the abdominal wall, and the wound tightly closed. 
A subcutaneous abscess immediately formed and discharged through 
the skin. The animal survived. The protocols are summarized in 
table 2. 

The experiments detailed demonstrate that the uncontaminated liver 
of normal living dogs regularly contains anaerobic bacteria. To deter- 
mine the significance of these organisms in in-vivo autolysis of liver, 
the following experiments were performed. Two portions of fresh, 
uncontaminated dog’s liver which on culture yielded the gram-positive 
anaerobic bacillus were sterilized in the autoclave at 15 pounds (6.8 Kg.) 
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pressure for fifteen minutes. Subsequent cultures gave no growth. 
These autoclaved portions of liver, weighing 100 Gm. each, were placed 
in the free abdominal cavities of two normal dogs. These dogs showed 
no subsequent ill effects. One was reoperated on in fifteen days and 


the portion of liver found to be only about half digested and absorbed. 
No trace of the transplanted liver was discovered in the abdomen of 
the second dog at the end of thirty-eight days. 


It is interesting to note 


TaBLe 2.—The Effect of Placing Fresh Liver from Another Dog into the 
Peritoneal Cavity or Muscle Spaces 








Effect 
= Non- Bacteria 
Weight Bacteria of 


of Liver 


rotein N, 
of Length oo N, 
Liver, of and NaCl 
Gm. Life in Blood 


80 Less None 
than 
22 hours 


Dog Procedure 


726 Fresh liver 
from another 
animal placed 
in peritoneal 
eavity, a 
piece of the 
liver being 
taken for 
culture first 


Fresh liver 
from another 


70 27 


hours 


NEN fell 
from 53 
mg. to 26 
mg. per 100 
ec. ot blood; 
Urea N fell 
from 28 mg. 
to 12 mg. 
per 100 ce. 
ofb 
Nacl fell 


animal placed 
in the mus- 
cles of the 
abdominal 
wall, a piece 
being taken 
for culture 
first 


from 554 mg. 


to 376 mg. 

per 100 cc. 

of blood 
Fresh liver None 
from another 
animal! placed 
in the mus- 
cles of the 
abdominal 
wall, a culture 
being taken 
from this 
liver first 


100 Killed 
after 


40 days 


Liver 
Gram-positive, 
bic 


cultured; 
broth culture 
negative 


Gram-positive, 
anaerobic 
bacillus 
eultured; 

broth culture 
negative 


No growth 


at 
Autopsy 


Gram-positive 
anaerobic 
bacillus in 

liver substance; 
eocci in broth 
culture 


Gram-positive 
anaerobie 
bacillus in 

liver substance; 
broth culture 
sterile 


Liver not 
cultured 


Observations at 
Autopsy 

Purulent fluid in 

— loops 


o 
showed injec- 
tion; the piece of 


liver was spongy 
friable, necrotic 
and gray-brown 


Odorless gas 
escaped when 
space was 
opened; space 
around liver 
lined with gray, 
necrotic tissue; 
liver substance 
gray-brown, 
spongy, necrotic, 
containing many 
gas bu 


the abdominal 
wall two days 
after operation; 
abscess broke 
through skin and 
animal survived; 
healing subse- 
quently occurred 





that anaerobic bacteria were obtained in cultures of the omentum from 
around the place where the liver substance had been. In two experi- 
ments, portions of fresh dog’s liver that had been autoclaved as described 
were reinfected by infiltrating them with a culture of the anaerobic 
bacillus obtained from fresh liver. These reinfected fragments were 
placed in the abdominal cavities of two normal dogs. Both these 
animals died in twenty and thirty-six hours, respectively. The protocols 
of these experiments are summarized in table 3. 

In the experiment just described, it is obvious that the autoclaving 
not only killed the infecting bacteria and their enzymes but also 
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destroyed the intracellular enzymes of the liver itself. Its absorption 
in the abdominal cavity must therefore be accomplished after hydrol- 
ysis brought about by invading phagocytic cells and their proteolytic 
ferments. To determine the influence of the autolytic enzymes of the 
liver in the production of toxic products, these enzymes were inactivated 
by heating portions of fresh liver to from 75 to 80 C. for fifteen minutes. 
Such treatment does not destroy the bacteria present, and cultures 
revealed the same organisms after heating. These heated lobes of 
liver, when placed in the abdominal cavities of two normal dogs, caused 


TABLE 3—The Effect of Placing Autoclaved Liver (at 15 Pounds Pressure for 
15 Minutes) in the Peritoneal Cavity 








Bacteria Bacteria Bacteria 
Length of of Auto- of 
of Fresh claved Liver at Observations 
Dog Procedure Life Liver Liver Autopsy at Autopsy 


723 100Gm.ofauto- Killed Gram.- Sterile Gram- Autoclaved liver wrapped in 
claved liver after positive, positive omentum; about 25 ec. of 
placed in the 15 days anaerobic, anaerobe clear, straw-colored fluid 
peritoneal spore- escal when omentum was 
eavity with bearing incised; only about half of 
aseptic pre- bacillus liver had autolyzed in the 
cautions fifteen days that animal 

had been kept 


100Gm. ofauto- Killed Gram- Autoclaved liver entirely 

claved liver after positive, gone; fine mucus over omen- 

placed in the 88 days anaerobic tum; dense adhesions between 

peritoneal bacillus stomach and animal’s own 

cavity liver; abdomen somewhat dis- 
tended by odorless 


during 
life subsequent to placing of 
liver in peritoneal cavity 


100 Gm. of auto- 2 Liver Liver Autoclaved liver surrounded 


claved liver in- hours not not by loops of intestine; 30 cc. 
filtrated with a cultured cultured of gray-green pus around 
pure culture of liver; liver mass gray-green 
organisms isolated and friable, with little gas 
from fresh dog’s 

liver was placed 

in the to- 

neal cavity 


100 Gm. of auto- 36 Liver Liver Autoclaved liver in left upper 
claved liver in- hours not not quadrant of abdomen, 
filtrated with a cultured cultured wrapped in omentum; liver 
pure culture of substance gray-brown, with 
organisms previously soft black areas through 
isolated from fresh * it and no gas 

dog’s liver, was placed 

in the peritoneal cavity 





Note: The nonprotein N, the urea N and the NaCl of the blood were within normal limits. 


toxemia and death in twenty-two and thirty-six hours, respectively. 
The protocols are given in table 4. Conditions here are apparently 
similar to those in the experiment in which the autoclaved liver was 
later reinfected by the isolated bacteria. It seems probable that this 
organism forms exceedingly poisonous substances when permitted to 
grow in dead liver, and that it is the absorption of these poisons from 
the peritoneal cavity that causes death under the conditions of these 
experiments. 

The experiments now to be described indicate that actual aseptic 
in-vivo autolysis of liver is not fatal. Pups, near term, were removed 
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by Cesarean section, and the liver and entire alimentary tract were 
secured with careful aseptic precautions. 


All cultures of these tissues 


yielded no growth. The fresh fetal livers and also the entire abdominal 
viscera were placed in the peritoneal cavities of normal dogs without 


TaBLE 4.—The Effect of Placing Dog’s Liver That Has Been Heated to from 


75 to 80 C. into the Peritoneal Cavity 








Dog 


746 100 Gm. of liver 
cultured, then 


Hr. 
22 


heated to 75 C. 
for 15 minutes, 
again cultured, 
and then placed 
in the perito- 
neal cavity 


100 Gm. of liver 
cultured, then 
heated to 75 C. 
for 15 minutes, 
again cultured, 
and then asep- 
tically placed 
in the perito- 
neal cavity 


Effect on 
Nonprotein N, Bacteria 
Urea Nand of Fresh 
NaCl in Blood 


Liver 
None Gram- 


positive, 
anaerobic 
bacillus; 
broth 
cultures 
negative 


NPN rose from 
33 mig. to 56 mg. 
100 ec. of 

lood; urea N 
rose from 15 mg. 
to 36 mg. per 
100 ec. of blood; 
NaCl fell from 
552 Ing. to 425 mg. 
per 100 ee. of blood 


Gram- 
positive, 
anaerobic 
bacillus 


Bacteria Bacteria 
of Heated of Liver at 
Liver Autopsy 


Gram- Gram- 


Observa- 
tions at 
Autopsy 


Transplanted 


positive, 
anaerobic, 
spore- 
bearing 
bacillus 


Gram- 
positive, 
anaerobic 
bacillus 


positive, 
anaerobic 
bacillus 


Liver not 
cultured 


liver mass 
firm, smooth 
and gray- 
brown; pink 
on its surface; 
no formation 
of gas 


Diffuse general 
peritonitis; 
transplanted 
liver entirely 
necrotic, 
mushy, gray- 
brown, and 
containing 
much gas 





TaBLe 5.—The Effect of Placing Fetal Liver into the Peritoneal Cavity 


of the Dog 








Effect on Bacteria 


Length Nonprotein N, 


Dog Procedure 


924 Entire liver se- 
cured aseptically 
from a cesarean 
section pup and 
placed into the 
peritoneal cavity 


Entire abdominal 
viscera secured 
from a cesarean 
section pup and 
placed in the peri- 
toneal cavity 


A sterile fetal liver 
was infiltrated 

with a pure culture 
of anaerobic organ- 
isms which had pre- 
viously been isolated 
from a healthy dog’s 
liver; this infiltrated 
liver was placed in the 
peritoneal cavity 


Killed 
after 
26 days 


Killed 
after 
26 days 


Urea Nand Fresh 


Life Nacl of Blood Liver 
Killed 
after 
26 days 


None 


Sterile 


None 


None 


Bacteria 
of 
Fresh 

Liver 


Nothing to 
culture 


Nothing to 
culture 


Gram-positive 
anaerobic 
bacillus cul- 
tured from 
abscess wall 
and the pus 


Observations at 
Autopsy 


Peritoneum everywhere 
smooth and shiny; 
no adhesions; no trace 
of fetal liver placed 
in abdomen 


Peritoneum everywhere 
smooth and shiny; 

no adhesions; no trace 
of fetal tissue placed 
in peritoneal cavity 


An abscess, surrounded 
by omentum, was 
adherent to the 
anterior abdominal 
wall; it contained 
about 30 cc. of thick 
gray-green pus; no 
liver tissue remained 





ill effect. Examination made after twenty-six days showed no evidence 


of the transplanted tissues, all having been absorbed. 


The toxemia associated with autolysis of the normally infected liver 
of dogs is so profound and death occurs so rapidly that there is little 
time for any marked changes to occur in the chemistry of the blood. 
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For the most part, the nonprotein nitrogen, urea nitrogen and chlorides 
remain within normal limits. In some cases, a fall in chlorides similar 
to that observed in certain cases of experimental peritonitis was found. 


COMMENT 


The difficulties of getting sterile tissue for the study of autolysis 
have long been recognized. Most studies on autolysis in vitro have 
been made by the antiseptic rather than the aseptic method. The usual 
procedure has been to incubate the tissue between layers of toluol and 
chloroform as antiseptics. 

Magnus-Levy*® studied the aseptic autolysis of the livers of dogs 
and cattle. Agar cultures were made to check the sterility of these 
organs. Securing sterile livers was difficult. The chief organisms 
present were fermentative rather than putrefactive. In the livers that 
apparently proved sterile, he found a rapid production of organic acids 
and gases when the livers were incubated at 37 C. 

Jackson * made similar studies on the “in vitro aseptic autolysis” 
of dog’s liver. Agar cultures were made of the tissue to determine 
sterility. He made the statement that antiseptics such as chloroform 
and toluol markedly inhibited the rate of autolysis. 

Wolbach and Saiki,’ with extreme precautions against contamina- 
tions, cultured the livers of twenty-three dogs. Twenty-one of the 
twenty-three livers contained an organism which was difficult to grow 
on ordinary mediums, but which could be grown on a sterile extract 
of liver. It was a large, spore-bearing anaerobe which had the power 
of splitting glycogen and protein with marked formation of gas. 

Jackson * noted that autolysis was extremely slow in the two sterile 
livers secured by Wolbach and Saiki.’ At the end of forty-eight hours, 
the liver tissue was firm. There was no formation of gas. Lactic acid 
could not be detected by ordinary means. Jackson concluded that the 
changes which he and Magnus-Levy had previously seen were due to 
the action of this peculiar organism frequently present in normal dog’s 
liver. The inhibition by antiseptics seemed to be an inhibition, not of 
autolysis, but of this organism. 

There is considerable evidence that the tissues of normal, healthy 
animals may regularly contain bacteria. Reith* cultured the muscle 


5. Magnus-Levy, A.: Ueber Saurebildung bei der Autolyse der Leber, Beitr. 
z. chem. Phys. u. Path. 2:261, 1902. 

6. Jackson, H. C.: Rate of Aseptic Post-Mortem Autolysis, J. Exper. Med. 
11:55, 1909; The Rate of Autolytic Reaction, J. M. Research 21:281, 1909. 

7. Wolbach, S. B., and Saiki, Tadasee: A New Anaerobic Spore-Bearing 
Bacterium Commonly Present in the Livers of Healthy Dogs, J. M. Research 
21:267, 1909. 

8. Reith, A. F.: Bacteria in the Muscular Tissues and Blood of Apparently 
Normal Animals, J. Bact. 12:367, 1926. 
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and blood of hogs, rabbits and guinea-pigs and obtained bacteria in a 
high percentage of his attempts. Bacteria were present in tissue secured 
from living animals, as well as in material secured from the packing 
houses. Anaerobic cultures were positive in a high percentage. Hauser ° 
found bacteria in from 7 per cent to 43 per cent of cultures of the 
spleen, kidney, liver, heart and muscle. Bacteria were present in 14.8 
per cent of all cultures of liver. He held that these were due to air 
contamination, and not to the presence of organisms in the tissue. 
Neisser *° denied the presence of micro-organisms in normal tissues. 
Opitz ** found the liver, spleen and mesenteric lymph glands free from 
bacteria, except in rare instances. Criticism might be directed at their 
work because the results of all cultures were recorded at the end of 
seventy-two hours. A longer time might have changed these results. 
Ford * cultured the livers and kidneys of dogs, cats, rabbits and guinea- 
pigs. From 75 per cent to 88 per cent of the cultures were positive. 
Cat fetal organs were sterile. He also showed that each animal had 
in the tissues its own distinctive kind of bacteria. A series of cultures 
of human liver, kidney and spleen were 100 per cent positive. Conradi," 
with special precautions for sterilizing the surface of the tissue, found 
bacteria in the normal tissue of slaughter house animals, the positive 
cultures varying from 66 per cent in the case of cultures of liver to 
9 per cent in the case of cultures of spleen. Bierotte and Machida ** 
obtained similar results. Amako* maintained that the method of 
sterilizing the surface of the tissue used by both Conradi and Bierotte 
and Machida had been faulty. He found bacteria in the normal tissue 
as frequently as they, but believed it impossible to eliminate con- 
taminants. 

All these studies, except those of Reith, were done on the tissues of 
killed animals. Reith cultured the muscle and blood of living, anesthe- 
tized animals. Berg, Zaw and Jobling ** cultured, simultaneously, liver, 


9. Hauser, G.: Mikro-organismen in lebende gewebe, Arch. f. Exper. Path. 
u. Pharmakol. 20:162, 1886. 


10. Neisser, Max: Ueber die Durchgungigkeit der Darmwand fur Bakterien, 
Ztschr. f. Hyg. u. Infectionskrankh. 22:12, 1896. 

11. Opitz, E.: Beitrage zur Frage der Durchgangigkeit von Darm und Nieren 
fur Bakterien, Ztschr. f. Bakterien 29:505, 1898. 

12. Ford, W. W.: Bacteriology of Healthy Organs, Tr. A. Am. Phys. 15: 
389, 1900; Bacteriology of Normal Organs, J. Hyg. 1:277, 1901. 

13. Conradi, H.: Ueber Keimgehalt Normaler Organe, Munchen. med. 
Wehnschr. 56:1318, 1909. 

14. Bierotte, E., and Machida, S.: Untersuchungen iiber Keimgehalt Normaler 
Organe, Munchen. med. Wchnschr. 57:636, 1910. 

15. Amako, Tamie: Ztschr. f. Hyg. u. Infectionskrankh. 66:166, 1910. 


16. Berg, B. N.; Zaw, Z. D., and Jobling, J. W.: Bactericidal Function ot 
the Liver, Proc. Soc. Exper. Biol. & Med. 24:433, 1927. 
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gallbladder bile and portal vein blood of living anesthetized dogs. The 
bile and blood were uniformly sterile, but the liver regularly contained 
anaerobic spore-bearing bacteria, apparently similar to or identical with 
the organism described by Wolbach and Saiki’ and the one found in 
normal healthy dog’s liver in our experiments. 

The study of autolysis in vivo is made difficult by the regular pres- 
ence of these organisms in the tissue. Such bacteria growing in tissue 
devoid of blood supply may well be the cause of the formation of toxic 
products which rapidly cause the death of the animal. Fetal liver, found 
sterile by culture, can be completely autolysed in the peritoneal cavity 
of an animal without harm. 


CONCLUSIONS 


1. The uncontaminated liver of a normal, healthy adult dog regularly 
contains a gram-positive anaerobic bacillus. 


2. It is probable that the experimental so-called “in-vivo aseptic 
autolysis of the liver” is always accompanied by this infection and that 
this is the cause of death. 


3. In-vivo aseptic autolysis of fetal liver, proved sterile by culture, 
does not produce any toxic effect. 





BILIRUBIN IN EFFUSIONS OF THE JOINTS 


METHOD OF ESTIMATION AND SIGNIFICANCE * 


DAVID H. KLING, M.D. 
LOS ANGELES 


The differential diagnosis between effusions of inflammatory and of 
traumatic origin is important from both a medical and an economic 
aspect; it guides therapeutic measures, and decides, in industrial and 
liability cases, the claim for compensation. 

The conclusion is based on the anamnesis, the objective signs of 
injury or infection and the character of the aspirated effusion. The 
anamnesis can be misleading; minor injuries as well as infections are 
liable to be overlooked. On the other hand, the history of an accident 
will be questioned unless supported by clinical observations, especially in 
cases that involve financial liability. Abrasions, lacerations and other 
external symptoms are absent in a large number of traumatic effusions 
of the joints. Roentgenograms are positive only in the presence of 
intra-articular fractures. The character of the aspirated fluid is there- 
fore the most valuable aid in these diagnostic problems. 

It is generally recognized that a hemorrhagic fluid indicates a trau- 
matic etiology of the effusion. While this is true in the majority of 
cases, there are exceptions which limit the value of the finding of blood. 
Some diseases, such as sarcoma or hemophilia, can produce a hemathro- 
sis. The puncture of a vessel during the aspiration can add blood to an 
exudate, an occurrence that is frequent and, therefore, an important 
source of error. On the other hand, as blood is absorbed from the 
synovial cavity it will be missing if the aspiration is done some time 
after the injury. 

An estimation of the bilirubin content of the blood promised to clear 


up some of the doubtful points, and to make the differentiation more 
comprehensive. 


BILIRUBIN FORMATION IN HEMORRHAGIC EFFUSIONS 


After a hemorrhage into the joint has occurred, the red corpuscles 
break down. The hemoglobin undergoes further changes, and bilirubin 
is formed as an end-product. The amount of bilirubin in an effusion 
depends on the quantity of red corpuscles from which it is derived, and 
the time necessary to form this end-product. When bleeding is slight, 
the amount of bilirubin is small, even after all erythrocytes are broken 
down. On the other hand, a large hematoma contains, in the first few 


* Submitted for publication, Sept. 3, 1929. 
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days, almost intact red corpuscles and little bilirubin. On repeated 
aspirations, one will observe a decrease in the blood corpuscles and a 
proportional increase in the amount of bilirubin. Blood that is added 
to an exudate during aspiration cannot have an influence on the bili- 
rubin content of an effusion. The color of the human blood serum, as 
well as of the joint fluids, depends mainly on the bilirubin. 


METHODS OF IDENTIFICATION AND ESTIMATION OF BILIRUBIN 


1. Spectroscopic Examination—The spectrophotometer is the most 
accurate and sensitive means of detecting bilirubin, but technical reasons 
prevent its clinical use. 


2. The van den Bergh Test.—The test is based on the fact that bili- 
rubin combines with the diazonum salts, giving a red or violet color. 
Hijmas van den Bergh,’ to whom physicians are indebted for most of 
their knowledge of this pigment in the blood serum, demonstrated two 
modifications of bilirubin. 

The bilirubin that has passed the liver cells combines directly with 
the diazo reagent. Bilirubin that was not submitted to the action of the 
epithelium of the liver gives the reaction only indirectly. The serum 
or fluid is first mixed with double the amount of alcohol, and centrifu- 
gated. The albumin is precipitated, and the clear supernatant fluid is 
combined with the diazo reagent. The depth of the color developed is 
proportional to the amount of bilirubin present. It is matched in the 
colorimeter against a standard equal to 1 part of bilirubin in 200,000 


parts of serum. The normal human blood serum contains between 0.3 
and 0.6 of an unit. 


3. Icterus Index.—The yellow of human blood serum and effusions 
is caused chiefly by their content of bilirubin. A comparison of the 
depth of this color with a standard solution of potassium bichromate 
gives a quantitative estimation of the bilirubin. This method also 
originated with van den Bergh, but the practical application is due to 
the work of Meulengracht* and Bernheim.* The standard is equal to 
15 units; normal serum has an index of 3 to 6 units. The advantage 
of this method is simplicity; a colored disk is available for the clinical 
type of colorimeters ; also low priced special icterus index comparators 
are on the market. 

The drawback to this method is that the yellow is not entirely due 
to bilirubin. Lutein and lipochromes frequently found in the blood 
serum also contain yellow coloring matter. When present in con- 


1. Van den Bergh, Hijamas: Der Gallenfarbstoff im Blute, Leiden, 1918. 

2. Meulengracht, E.: Deutsches Arch. f. klin. Med. 187:38, 1921. 

3. Bernheim, Alice R.: Icterus Index: A Quantitative Estimation of Bili- 
rubinemia, J. A. M. A. 82:291 (Jan. 26) 1924. 
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siderable quantity, this will influence the icterus index. Recently, Segall 
and Terry * pointed out this lack of specificity of the icterus index. 

It is further clear that the icterus index cannot distinguish the two 
modifications of bilirubin brought out by the direct and indirect van den 
Bergh test. A high content of bilirubin of the blood will give a high 
icterus index equally when caused by an obstructive jaundice that gives 
both the direct and indirect van den Bergh reaction or by inflammatory, 
toxic and hemolytic jaundice that give a positive indirect van den Bergh 
reaction only. These objections should carry weight when the icterus 
index of the blood serum is employed as a test of the function of the 
liver. 

My object, however, was to estimate the content of bilirubin formed 
locally in effusions of the joints. The possibility of detecting the source 
of a high bilirubin content of the blood with the van den Bergh test was 
immaterial. I used exclusively effusions from patients with normal 
bilirubin contents in the serum; only in these cases is the increase in the 
bilirubin proved to be formed locally from the hematoma. The lipo- 
chromes, which interfere with accurate results in the serum, are mostly 
derived from food ; they are transient, and are not secreted into the joint 
fluid. With these objections eliminated, the icterus index appeared to 


combine simplicity and reasonable accuracy, and was employed as the 


general method for my work. 

As a preliminary to my study, I made a number of comparative 
examinations of joint fluids with the van den Bergh test and the icterus 
index. ‘These fluids with high values of locally formed bilirubin up to 
10 units (equal to thirty times the amount normally found in serum) 
gave without exception, a negative direct van den Bergh reaction. The 
values of the indirect van den Bergh reaction and the icterus index were 
in good agreement. This proves that the yellow of the fluid was due to 
bilirubin. The van den Bergh reaction and icterus index of nonhemor- 
rhagic effusions (transudates and exudates) were equal or slightly lower 
than in the blood serum of the patient. 

My routine procedure in the reported series was as follows: The 
aspirated effusions were centrifugated ; the supernatant fluid was pipetted 
off from the sediment and the icterus index recorded. Only clear, not 
hemolyzed, fluids were used. Simultaneously, a few cubic centimeters of 
blood was secured from the cubital vein of the patient and the icterus 
index of the serum controlled. Only cases in which the icterus index of 


the blood was normal were included in these studies. The icterus index - 


was repeated with each subsequent aspiration. 


4. Segall, G., and Terry, M. C.: The van den Bergh Test and the Icterus 
Index, California & Western Med. 28:3 (March) 1928. 
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ANALYSIS OF MATERIAL 


The basis of this investigation forms a series of fifty cases of joint 
fluid, forty-six (92 per cent) resulting from effusions of the knee and 
four (8 per cent) from the elbow joint. Forty-eight patients (96 per 
cent) alleged an accident ; only two (4 per cent) did not make an injury 
responsible for the effusion. The traumatic etiology was clinically 
confirmed in thirty-two cases (64 per cent), and was not supported in 
fourteen (28 per cent) of the cases. Four cases (8 per cent) were 
regarded as doubtful. Of these fifty cases, the icterus index was esti- 
mated in thirty-five (70 per cent). The serum in the remaining fifteen 
cases (30 per cent) was either too cloudy or too hemolytic to estimate. 
This is apparently a high percentage, in which the test could not be 
applied, but thirteen of these cases were undoubtedly traumatic, includ- 
ing nine of fracture and dearrangements. Hence the differential diag- 
nostic value of the test is not markedly reduced by the cases in which it 
could not be applied. Thirty-five effusions in which the icterus index 
was estimated are tabulated in three groups. 

Table 1 gives the diagnosis; the interval between aspiration and the 
injury ; the amount of fluid and icterus index of eighteen cases of joint 
effusions of traumatic origin in which objective observations were in 
agreement with the anamnesis. The analysis of this group reveals that 
the icterus index is higher than the icterus index of the blood serum, 
which was below 6 units, and varied in the fluids in the white range from 
7.4 to 28 units. 

With the exception of the first three cases, the icterus index in this 
group had a tendency to rise with the age of the effusion. Fluid 
aspirated from three patients in the first week of injury showed an 
icterus index of from 7.4 to 10; from five patients in the second week, 
an icterus index of from 10 to 18; from three patients between three 
and four weeks after injury, an icterus index of from 18 to 28 units. 
The latter figure is the highest icterus index in the series. From the 
twenty-eighth to the sixty-ninth day after injury a slight decline was 
noticed ; the icterus index ranged from 16 to 21 units. This shows how 
slowly absorption from an injured joint takes place and emphasizes the 
therapeutic value of early aspiration. 

The icterus index in effusions that were reaspirated increased from 
5 to 10 units a week. 

The time between the formation and the absorption or aspiration of 
the effusion was not the only factor responsible for the production of 
bilirubin in the joint cavity. The amount of hemorrhage was also 
important, because blood is the material from which the bilirubin is 
formed. The quantity of fluid aspirated in this group varied from 
4 to 90 cc. This explains the variation in the height of the icterus 
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index in effusions aspirated at nearly identical periods after injury. 
Some individual factors may also have an influence on formation of 
bilirubin in joint cavities. 

The first three patients of this group had an icterus index of between 
18 and 25 units, although the effusion was aspirated on the first, second 
and third days after injury. This seems to be a contradiction to the 
above principles of local formation of bilirubin. The explanation is 
that all three patients had intra-articular fractures; hence venous blood 
from the bone-marrow had access to the joint cavity. Mann ® and his 
co-workers proved, by animal experiments, that the bone-marrow is the 


TaBLe 1.—Traumatic Effusions 











Aspi- Days _ Icterus 
rated, After Index, 
Case Diagnosis Ce. Trauma Units Comment 


Fracture of theinternalcondyle 5% 1 18 
and spine of the tibia 
Fracture of the external condyle 5 2 
of the tibia 
Intra-articular avulsion 3 20 
Bursitis prepatellar. 3 9.4 Reaspiration on seventh day; 
icterus index 16.6; less cor- 
puscles 


25  Ineomplete aspiration of large 
effusion 


Bursitis olecrani 0 

Synovitis genu A Ieterus index in the blood 
serum, 4.1 

Synovitis genu 

Synovitis genu 

Synovitis genu 

Bursitis prepatellar Reaspiration on sixteenth day; 
icterus index, 18 

Synovitis genu Few blood corpuscles 

Bursitis suprapatellar Varices around knee 

Bursitis olecrani 

Bursitis olecrani 

Synovitis genu . 

Bursitis prepatellar.............. Van a Bergh; indirect, 3.8 
units 

Bursitis olecrani Wassermann reaction, four plus, 
blood and fluid; van den 
Bergh, indirect, 5.7 units 

Synovitis genu Few biood cells 





site of the largest production of bilirubin, and that venous blood from 
the bone-marrow had a high bilirubin content. The high icterus index 
in my cases of intra-articular fractures was therefore, due to bilirubin, 
not locally produced, but carried into the joint cavity with the venous 
blood from the bone-marrow. My observation is, to my knowledge, the 
first clinical confirmation of the splendid experimental work of Mann 
and his co-workers, and is of practical value for the diagnosis of intra- 
articular fractures, as I pointed out elsewhere.° 


5. Mann, F. C.; Sheard, Charles; and Bollmann, Jessie L.: Evaluation of 
Relative Amounts of Bilirubin Formed in Liver, Spleen and Bone Marrow, Am. 
J. Physiol. 78:384 (Oct.) 1926. 


6. Kling, D. H.: Fat in Traumatic Effusions of the Knee Joint, Am. J. 
Surg. 6:71 (Jan.) 1929. 
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The bilirubin content in combination with the quantity of red corpus- 
cles in the aspirated fluid can be used as an indication of the age of an 
effusion. In recent traumatic effusions, the icterus index and the volume 
of blood corpuscles have nearly the same values as in the circulating 
blood. If during aspiration blood is added to a nonhemorrhagic fluid, 
the amount of red cells will be slight and the icterus index normal. The 
more blood corpuscles that are broken down, the higher the icterus index 
rises. Hemorrhagic effusions will show in the first week an icterus 
index of about 10 units and a volume of 30 to 40 per cent of corpuscles 
in the centrifugated fluid. The cells diminish, and the icterus index rises 
to around 20 units in the second week. 

Finally, after three or four weeks, only a small amount of red cells 
are left, while the icterus index is around 30 units. The volumes of 
corpuscles in blood and effusion can be easily compared with the 
hematocrit. When this instrument is not available, two graduated small 
test tubes of the same caliber are filled with equal amounts of effusion 
and oxalated blood from the patient. The samples are centrifugated at 
high speed for five minutes, and the volumes of cells in the two tubes 
are compared. Recently the erythrocytes of the aspirated fluid have been 
estimated directly in the blood counting chamber. According to the 
hemorrhagic content of the effusion one uses higher or lower dilution 
with Hayem’s solution. Subsequently a red blood count is made, from 
which one abstracts the number of erythrocytes in the fluid. The dif- 
ference then gives the amount of red cells broken down in the synovial 
cavity. If, for instance, 5,000,000 erythrocytes per cubic centimeter 
are found in the blood and 800,000 in the fluid, then 4,200,000 per cubic 
centimeter have been broken down. Either method is subject to error 
on account of the secretion of the synovial fluid, which will dilute the 
blood content and diminish the volume of red corpuscles as well as the 
number of erythrocytes. They are, therefore, of relative value, and 
should be used only for comparative study. The calculation of these 
factors permits a conclusion as to the age of the alleged injury, and a 
discrepancy with the observations of the history should be viewed with 
care. 

In contrast with group 1, table 2 summarizes thirteen cases of inflam- 
matory effusions. With the exception of two, these patients alleged an 
accident during work and claimed compensation. However, the clinical 
observations were negative for trauma, and the history was quite vague: 
Patient 1 claimed that another employee ran into him; patient 2 that he 
slipped but did not fall, and patient 6 claimed that he was struck with ° 
the spine of a date leaf. They offered the clinical symptoms of 
inflammatory synovitis due to specific (gonorrheal, syphilitis or septic) 
or unspecific infection. The aspirations were made from five to forty- 
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three days after the onset of the effusion. The icterus index ran in the 
narrow range of from 3 to 5.2 units and was equal or slightly lower 
than in the blood serum. The fluids were turbid or limpid, and the 
Rivalta reaction was strongly positive. They did not contain blood. 
An increase of bilirubin was not observed in subsequent aspirations. 
Finally, a group of four effusions of doubtful etiology is given in 
table 3. The history of the injury was quite definite, but was not sup- 
ported by objective signs. The fluids were free from blood. The low 


TasBLe 2.—Inflammatory E ffusions 








Aspirated 
Days After Icterus 
Case Diagnosis Index Comment 


1 Synovitis genu 3 4 Alleges collision with fellow employee 
2 Bursitis suprapatellar 3.5 Struck knee lightly with wrench; kneels 
while working; reaspirated four times 
Garing 3 months; icterus index, 2.8 to 4.3 
units 
Slipped but did not fall 
is from infection of right hand 
Cellulitis of elbow 
Ploor scraper; few red cells; housemaid’s 


knee 
Infection from spine of date leaf 
Wassermann of blood and fluid, four plus; 
absorption after antisyphilitie treatment 
Housemaid’s knee 


Synovitis genu 
Septie arthritis 
Bursitis olecrani 
Synovitis genu 


@w~ 


Synovitis genu 
Syphilitic synovitis. 


Synovitis genu 
Synovitis genu 
Synovitis genu 
Gonorrhea] arthritis genu. 


Pgomte pom MEO TTR 


snp 32 © 


Gonococci positive in urethra and culture 
of effusion; alleged trauma “walking up- 
stairs, must have slipped”’ 

Optic atrophy; Wassermann reaction neg- 
ative in blood and effusion 


Tabetic atrophatie genu... 





TaBLe 3.—Effusions of Uncertain Etiology 








Aspi 


rated 
Devs After Icterus 
Case Diagnosis Onset Index 


1 Bursitis prepatellar........ 


Comment 


4 Transudate; blood negative; Rivalta reac- 
tion, ey pear 
2 Bursitis prepatellar........ 4: Transudate; valta reaction, negative 
3 Synovitis genu 3. Transudate; Rivalta reaction, negative; 
a specific gravity, 1.013 


4 Villous synovitis Synovectomy 





icterus index of from 4 to 4.6 units further indicated the absence of 
blood during the development of the effusion. While these factors 
contradict the history, there are some complications that do not permit 
elimination of traumatic etiology entirely. 

The fluids in the first three cases showed the character of trans- 
udates ; they were clear, pale, limpid, of low specific gravity, and reacted 
negatively or slightly positively to the Rivalta test. As a rule, I found 
traumatic effusions to be hemorrhagic because of the rich blood supply 
of the synovia. It is doubtful whether a slight injury that does not 
rupture a vessel will produce a transudate in a joint. While one is 
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inclined to interpret such effusions on the basis of an irritation or 
inflammation, one must admit that there is not sufficient data available to 
exclude, entirely, the possibility of traumatic etiology of transudates. 
Case 4 reveals another problem wherein the icterus index at the time 
of aspiration does not give a hint as to the primary cause of the effusion. 


REPORT OF CASE 


T. P., a man, aged 25, fell and struck the right knee on the running board 
of an automobile. He developed pain gradually, consulting a physician fourteen 
days after the injury. He had a recurrent synovitis, and was seen in our hospital 
eleven months after the onset, when 20 cc. of mucogelatinous fluid was aspirated. 
The sediment consisted of pus and endothelial cells. The Rivalta reaction was 
strongly positive, and the icterus index showed 4.2 units. At the operation, a 
villous synovitis was found, and a synovectomy was performed. While the 
icterus index and the other characteristics of the fluid at the time of the operation 
were typical of inflammatory effusion, one must consider the possibility that the 
original effusion was hemorrhagic, and had a high bilirubin content, but was 
absorbed during the previous eleven months. There are no exact observations 
available on the time of absorption and on the character of the fluid in the recur- 
rent effusions. A connection of the resulting inflammatory process with a primary 
injury, therefore, cannot be excluded. 


COMMENT 


This study of the icterus index brought forward the fundamental 
difference in the bilirubin contents of effusions. A group of eighteen 
cases of definite traumatic origin showed an icterus index higher than 
the blood serum and varying in a wide range of from 7 to 28 units. This 
is due to local formation of bilirubin, except in the cases of intra- 
articular fractures in which venous blood from the bone-marrow with 
a high bilirubin content is carried into the joint cavity. The amount of 
the locally formed birilubin depends on the amount of hemorrhage and 
the interval between the formation and aspiration of the effusion. A 
gradual rise of the icterus index can be observed on subsequent aspira- 
tions, and a conclusion as to the age of an effusion can be deduced from 
the height of the icterus index and the amount of blood corpuscles in an 
aspirated fluid of traumatic origin. A second group of effusions shows 
an icterus index equal or slightly lower than the blood serum of the 
narrow range of from 3 to 5.2 units, which is not influenced by the time 
of the aspirations and does not rise on subsequent reaspirations. The 
majority of these effusions are evidently of inflammatory origin. Some 
dubious points in a small group of cases need further investigation 
eventually by other methods. 

SUMMARY 


The local formation of bilirubin raises the icterus index in traumatic, 
hemorrhagic effusions above the level of the blood serum. The icterus 
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index in inflammatory effusions, on the other hand, is equal or slightly 
lower than in blood serum. 

The locally formed bilirubin content depends on the amount of 
bleeding and on the time allowed for production. The icterus index 
therefore will increase and the blood corpuscles decrease in traumatic 
effusion. This permits one to draw a conclusion of the age of an effusion, 
and to distinguish between a hemorrhage due to puncture during aspira- 
tion and an original hematoma. The icterus index in inflammatory 
effusions is not influenced by these factors, nor does it vary on 
reaspirations. 

In intra-articular fractures, venous blood, rich in bilirubin, reaches 
the joint cavity from the bone-marrow, and raises the icterus 
index immediately, independent of any local formation of bilirubin. A 
high icterus index in a fluid aspirated immediately, or in the first days 
after the trauma, is characteristic for intra-articular fractures. 

The amount of blood corpuscles in an effusion can be estimated by 
the volume of the blood sediment or directly by the cell count, and com- 
pared with the value in the circulating blood. 

Several doubtful points require further investigation. 


423 Towne Avenue. 





DISTRIBUTION OF THE BLOOD IN SHOCK 


THE OXYGEN CONTENT OF THE VENOUS BLOOD FROM DIFFERENT 
LOCALITIES IN SHOCK PRODUCED BY HEMORRHAGE, 
BY HISTAMINE AND BY TRAUMA * 


ALFRED BLALOCK, M.D. 
AND 


HUBERT BRADBURN, M.D. 
NASHVILLE, TENN. 


It is generally believed that there is a reduction in the volume of the 
circulating blood in all types of shock. In instances of shock without 
hemorrhage, the diminution of the blood volume is attributed to a pas- 
sage of fluid from the blood into the tissues. The cause of the increased 
capillary permeability is as yet unknown, but most of the recent experi- 
mental work has seemed to support the view that it is the result of the 
presence of some toxic substance. Cannon believed that most of 
the harmful results of diminution in the blood volume are due to the 
reduction of the oxygen supply of the tissues. If the reduction in the 
oxygen supply of the tissues is an important factor in the pathogenesis 
of shock, then it would seem that information of value might be obtained 
from a study of the oxygen content of venous blood in various portions 


of the body. Such an investigation would offer an opportunity for a 
comparative study of the extent of the utilization of oxygen in different 
parts of the body in various types of shock. 


METHOD 


Dogs were used in all experiments. Barbital was employed as an anesthetic 
in practically all instances. The amount used was 0.3 Gm. per kilogram of body 
weight. The barbital was given in salt solution injected into the external jugular 
vein. The effects of barbital alone were determined in many experiments at 
intervals varying from thirty minutes to sixteen and one-half hours after its 
administration. After the anesthetic had become effective, a cannula was placed 
in either the carotid or femoral artery in order to determine the arterial pressure. 
The level of the arterial pressure was used as an index of the degree of shock. 
The pulse rate and temperature were also determined. 

The blood pressure was reduced to a low level, usually below 80 mm. of 
mercury for the systolic pressure, by: (1) hemorrhage, (2) the injection of 
histamine, (3) trauma to the intestines, (4) trauma to the cerebrum and (5) 
trauma to one of the legs. When shock was produced by hemorrhage alone, the 
amount to which the animal was bled usually varied from 3 to 3.5 per cent of 
its body weight. Histamine was given slowly intravenously until the blood pres- 
sure remained practically stationary at a low level. The usual amount of hista- 
mine that was required was 4 mg. per kilogram of body weight. The cerebrum 
was traumatized by digital pressure until a fall in the blood pressure resulted, 


* Submitted for publication, Sept. 3, 1929. 
*From the Department of Surgery, Vanderbilt University. 
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after an opening had been made in the skull with a trephine and rongeur. This 
type of injury was usually accompanied by a moderate amount of hemorrhage. 
The intestinal trauma consisted of pinching the intestine and of making tension 
on the mesentery. It usually required at least an hour to cause a marked reduc- 
tion in the blood pressure by this method. The leg was traumatized by striking 
it many times with a hammer in regions other than those occupied by the main 
artery and vein. This procedure was frequently supplemented by vigorous mas- 
sage of the muscle. Usually, the femur and the skin were not broken. 

Samples of blood were withdrawn for analysis from the right side of the 
heart, the renal vein, the portal vein, the external jugular vein, the femoral vein 
and the femoral artery. It was necessary to open the peritoneal cavity in order 
to obtain blood from the portal and renal veins. In most.of the experiments in 
which one leg was traumatized, samples of blood were obtained from both femoral 
veins. The blood was withdrawn under oil and placed under oil in order to 
avoid contact with air. No stasis was produced in the collection of the samples, 
and if any difficulty whatever was encountered, the experiment was discarded. 
Blood from the right side of the heart was obtained by heart puncture, and all 
the other samples were obtained by inserting a small needle attached to a syringe 
into the lumen of the vessel. The blood gas analyses were performed with the 
Van Slyke-Neill manometric apparatus. 

The order in which the samples of blood were obtained in all the experiments 
was as follows: (1) right heart, (2) portal vein, (3) femoral vein, (4) jugular 
vein, (5) renal vein and (6) femoral artery. Only a short time elapsed between 
the obtaining of the different samples and during this interval, in most experi- 
ments except the control ones, a quantity of blood equal to that which had been 
withdrawn was allowed to run into the jugular vein from a buret. 

It was not considered necessary to perform control determinations in all the 
experiments in which shock was to be produced, since it was found in many 
experiments that the values for the oxygen content of the blood from the various 
vessels bore a surprisingly constant relationship to one another. In addition to 
this fact, it was desirable to produce the type of shock in which we were inter- 
ested without having injured the veins by previous punctures. 


RESULTS 


Ninety-seven series of determinations were performed on fifty-five 
dogs. The results of forty-five determinations on thirty-three dogs are 
recorded in the tables. Most of the earlier experiments are not reported 
because blood was obtained from three veins only and also because the 
sample of blood was not replaced by an equal quantity of blood. As was 
stated previously, all the experiments were discarded in which there was 
any difficulty in obtaining any of the samples. 

Since the blood in the right side of the heart is a mixture of the 
venous blood from all parts of the body, the figure for this mixed 
venous blood is more or less used as a standard with which the others 
are compared. 


Control Determinations—The oxygen content of blood from the 
portal vein was usually approximately the same as that of blood from 
the right side of the heart, the average of all experiments showing a 
slightly lower content in blood from the portal vein. The oxygen con- 
tent of blood of the femoral vein was usually definitely lower than that 
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of blood from the right side of the heart. This difference was usually 
greater the longer the animal had had barbital, and hence the longer it 
had been lying quietly on the table. Blood from the external jugular 
vein usually had a slightly higher oxygen content than did that from 
the right side of the heart. In all instances except two, in which they 
were approximately the same, the oxygen content of blood from the 
renal vein was higher than that of blood from the right side of the heart. 

The average blood pressure in these experiments was 165 systolic 
and 101 diastolic, the average pulse rate 159 per minute and the aver- 
age temperature 100.6 F. The accelerated pulse rate was caused by 
the barbital. The interval of time elapsing between the administration 
of barbital and the determinations varied from thirty minutes to sixteen 


and one-half hours. The figures for these experiments are recorded 
in table 1. 


TABLE 1.—Control Determinations 








Oxygen Content, Volumes per Cent 





Remarks 


40 minutes after barbital 

16% hours after babital 

50 minutes after barbital 

55 minutes after barbital 

3% hours after chloralose 

55 minutes after barbital 

4 hours after barbital 

30 minutes after barbital 

3 hours 25 minutes after 
barbital 

4% hours after barbital 

40 minutes after barbital; 
dog anemic 

4 hours after barbital 

2 hours 15 minutes after 
barbital 

2 hours 25 minutes after 


barbital 
Aver 


age ; 12.88 





Hemorrhage.—When the blood pressure had been reduced to a low 
level by bleeding the animal, the oxygen content of blood from the por- 
tal vein was usually approximately the same as that of blood from the 
right side of the heart. The oxygen content of blood from the femoral 
vein bore no constant relationship to that of blood from the right side 
of the heart. The average figure for all experiments was slightly lower 
than a similar figure for the mixed venous blood. The oxygen content 
of blood from the external jugular vein was also rather variable, the 
average figure being slightly higher than that for blood from the right 
side of the heart. The oxygen content of blood from the renal vein was 
higher in all instances than that of mixed venous blood. 


The average blood pressure in these experiments was 58 systolic 


and 41 diastolic, the average pulse rate was 175 per minute and the aver- 
age temperature was 101.4 F. 
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The point of interest in these experiments was that the average 
figures for the various determinations bore approximately the same rela- 
tionship to one another as did the average figures for the control experi- 
ments. In both types of experiments, the oxygen content was lowest 
in blood of the femoral vein, next lowest in blood of the portal vein, 
next in blood of the right side of the heart, next in blood of the 
external jugular vein and highest in blood of the renal vein. This is 
shown in chart 1. 

The figures for the experiments involving hemorrhage are given in 
table 2. The average highest and lowest figures are shown graphically 
in chart 2. 





Right Forfal Femoral Juguviar Renal 
Heart Vein Vein ein Vein 








|nlestinal 
Trauma 


Cerebral 
Trauma ° 


Leg 
Trauma 





Chart 1.—The average arteriovenous difference in oxygen content of blood 
expressed in volumes per cent, following hemorrhage, injection of histamine, intes- 
tinal trauma, cerebral trauma and leg trauma. The figures were arrived at by 
subtracting the oxygen content of the venous blood from that of the arterial 
blood in each experiment and obtaining the average for all experiments of a given 
type. Two values are charted for the femoral blood in the experiments involving 
trauma to the leg; the black block indicates the arteriovenous difference of the 
traumatized leg, and the lined one the difference of the opposite side. It is to 
be noted that the average values obtained during the control period and after 
hemorrhage, injection of histamine and cerebral trauma bear a rather constant 
relationship to one another. 


Histamine —After the production of a low blood pressure by the 
injection of histamine, the oxygen content of blood from the portal vein 
was usually slightly higher than that of blood from the right side of the 
heart; that of blood from the femoral vein was usually slightly lower 
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TABLE 2.—Effects of Hemorrhage 








Oxygen Content, Volumes per Cent 








nae A~—--— Blood 
External Pres- Pulse Tem- 
Ex- Por- Fem- Jugu- Fem- sure, Rate pera- 
peri- Right tal oral lar Renal ora) Mm. oper ture, 
ment Heart Vein Vein Vein Vein Artery Hz Min. Fahr. Remarks 


1 895 552 3.0 8.12 1044 15.6 6/36 18 1026 6 hours after barbital; no 
replacement; bled to a 


2 408 636 588 588 852 1356 35/2 150 ..... No anesthetic; ether for 
cannula; no _ replace- 


ment 
3 se 28 ifs 6m GSB oj: 42/30 200 ~«.«.... «+€ hours after chloralose; 


to about 350 cc.; 
no replacement 
4 43 21 OS: Mi B88 «2:5 58/84 184 97.6 1 hour 20 minutes after 


barbital; lacement 
5 7.16 562 2.76 6.61 9AT 13.4 80/70 150 102.6 1 hour 3% nutes after 


barbital; bled to a 
total of 540 ec.; replace- 
ment 


Rep. 4.52 5.51 3.09 3.2 4.85 12.77 70/50 18 102.88 2 hours 35 minutes after 
barbital; bled to a 
total of 640 cc.; replace- 


ment 
Aver. — 9s» —- -——_—_- — — 


age 4.88 4.59 4.18 6.0 7.62 13.84 58/41 175 «101.4 
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Chart 2.—Arteriovenous difference in oxygen content of blood in shock fol- 
lowing hemorrhage. In this and in subsequent charts, the heavy blocks marked 
“Average” indicate the average arteriovenous difference in oxygen content, 
expressed in volumes per cent, for all experiments of the type under considera- 
tion. The straight line marked “Highest” indicates the greatest arteriovenous 
difference in any one experiment, and the interrupted line marked “Lowest” 
indicates the smallest difference in any one experiment. 


and that of blood from the external jugular and renal veins was always 
higher. The most striking difference on comparing these experiments 
with the control experiments and those with hemorrhage was that the 
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oxygen content of the blood from the external jugular vein was rela- 
tively higher after injection of histamine. 

The average blood pressure in these experiments was 52 systolic and 
42 diastolic, the average pulse rate was 169 per minute and the average 
temperature 99.5 F. 

The results of these experiments are given in table 3 and chart 3. 

Trauma to the Intestines——After the production of a low blood 
pressure by trauma to the intestines, the oxygen content of blood from 
the portal vein was usually much higher than that of blood from the 
right side of the heart. The values for the oxygen of blood from both 
the femoral vein and the external jugular vein were usually slightly 


TABLE 3.—Effects of Histamine 








Oxygen Content, Volumes per Cent 
= 





o_o —_—_ A——.._—_—+____—_—___, Blood 
External Pres- Pulse Tem- 
Ex- Por- Fem- Jugu- Fem- sure, Rate pera- 
peri- Right tal oral lar Renal oral Mm. per ture, 
ment Heart Vein Vein Vein Vein Artery Hg Min. Fahr. Remarks 


1 8.04 8.04 11.76 1648 14.76 17.04 64/50 168 95.6 


nN 


hours 15 minutes after 
barbital; histamine, 40 
mng.; replacement 
hours 50 minutes after 
barbital; histamine, 45 
mg.; replacement 
hours 10 minutes after 
barbital; histamine, 35 
mg.; replacement 
Rep. 7.2 10.92 648 11.88 16.44 20.76 42/35 170 «102 3 hours after barbital; 
histamine, 50 mg.; re- 
placement 
3 5.04 9.6 3.72 11.62 9.0 sneek 35/20 210 «101 4% hours after barbital; 
histamine, 100 mg.; no 
replacement 


Rep. 4.92 7.08 456 9.0 12.12 15.84 36/25 144 95 


tw 


2 12% 42 9:12 17.64 19.56 22.24 56/44 130 102.2 


tbo 


4 1236 11.76 9.96 1452 162 sees 100/80 180 101.5 3% hours after barbital; 
histamine, 20 mg.; no 

lacement 
Rep. 7.2 42 4.92 7.68 8.04 ..... 30/26 180 94 4% hours after barbital; 


histamine, 50 mg.; no 


replacement 
Aver.——-  -————- —_— 


age 8.14 9.41 7.22 12.60 13.73 18.99 52/42 169 99.5 
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lower than that of the oxygen of the mixed venous blood. The oxygen 
content of blood from the renal vein was always definitely higher than 
that of blood from the right side of the heart. The most striking obser- 
vation in these experiments was the marked elevation of the oxygen 
content of blood from the portal vein as compared with that of the mixed 
venous blood. 

The average blood pressure in these experiments was 50 systolic and 
34 diastolic, the average pulse rate was 177 per minute and the average 
temperature 99.05 F. 

The results of these experiments are to be seen in table 4 and chart 4. 


Trauma to the Cerebrum.—After a low blood pressure had been 
produced by trauma to the cerebrum, the oxygen content of blood from 
the portal vein, the femoral vein and the jugular vein, respectively, was 
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approximately the same as that of blood from the right side of the heart. 
With one exception, the oxygen content of blood from the renal vein 
was definitely higher than that of the mixed venous blood. The results 
in these experiments were similar to those in the control experiments 
and in the experiments with hemorrhage. The results are also similar 
to those found after the injection of histamine, except for the variation 
in the oxygen content of blood from the external jugular vein. 
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Chart 3.—Arteriovenous difference in oxygen content of blood in shock fol- 


lowing injection of histamine. Further explanation of the chart is given under 
chart 2. 


The average blood pressure was 65 systolic and 50 diastolic, the 
average pulse rate was 163 and the average temperature was 100.4 F. 
The results of these experiments are given in table 5, and the highest, 


lowest and average figures for arteriovenous difference are shown in 
chart 5. 





TABLE 4.—Effects of Trauma to Intestines 








Oxygen Content, Volumes per Cent 
_ oats Reh Blood 
External Pres- Pulse Tem- 
Ex- Por- Fem- Jugu- Fem- sure, Rate pera- 
peri- Right tal oral lar Renal oral Mm. per ture, 
ment Heart Vein Vein Vein . Vein Artery Hg Min. Fahr. Remarks 


1 6.96 9.24 2 6.12 14.16 22.56 65/54 102 2 





hours 20 minutes after 

barbital; replacement 

hours 20 minutes after 

barbital; replacement 

2 6.12 14.28 6 Cm MS - ..:6 40/30 3 97 5 hours after barbital; 

replacement 

S.- Wes 15.36 of 8.4 17.4 aes 50/25 No replacement; 4 hours 

50 minutes after bar- 
bital 
5.28 1 3. 7.44 t 42/20 5 hours after barbital; 
no replacement 


Rep. 6.84 9.0 7 4.92 12.6 17.28 54/44 b 122 4 


7.08 
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Chart 4—Arteriovenous difference in oxygen content of blood in shock fol- 


lowing trauma to an intestine. Further explanation of the chart is given under 
chart 2. 








TaBLe 5.—Effects of Trawma to Cerebrum 








Oxygen Content, Volumes per Cent 
External & 
Ex- Por- Fem- Jugu- Fem- 
peri- Right tal oral lar Renal oral % 
ment Heart Vein Vein Vein Vein Artery . Fahr. Remarks 


1 6.8 634 48 60 11.76 14.22 3 hours 35 minutes after 
barbital; replacement 

Rep. 5.16 438 5.28 552 9.00 14.28 4 hours 40 minutes after 
barbital; replacement 

2 852 738 684 648 15.0 4 hours after barbital; 


replacement 

6.36 . 9.0 5.76 6 hours after barbital; 
replacement 

9.6 i 14 # 11.28 .4 22 hours after barbital; 
replacement 

23 hours after barbital; 
replacement 
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Chart 5.—Arteriovenous difference in oxygen content of blood in shock fol- 
lowing trauma to the cerebrum. Further explanation is given under chart 2. 


Trauma to One of the Posterior Extremities—When a low blood 
pressure had been produced by trauma to one of the posterior extremi- 
ties, the oxygen content of blood from the portal vein was usually 
about 2 per cent by volume higher than that of blood from the right 
side of the heart. The oxygen content of blood from the femoral vein 
of the nontraumatized leg was usually lower than that of the mixed 
venous blood, while the content of blood from the traumatized side was 











TABLE 6.—Effects of Trauma to Leg 








Oxyzen Content, Volumes per Cent 
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Non- Ex- Blood 
trau- Trau- ternal Pres- Pulse Tem- 
Ex- Por- ma- ma- Jugu- m- sure, Rate pera- 
peri- Right tal tized tized iar Renal oral Mm. per ture, 
ment Heart Vein Side Side Vein Vein Hg Min. FPabr Remarks 
1 102 10.32 11.28 9.24 18.24 22.32 73/54 108 104.3 3 hours 45 minutes 
after barbital; re- 
acement 
2 3.36 8.16 2.52 3.0 8.28 12.12 22/14 120 85 4 urs 10 minutes 
after mn no 
en 
3 2.16 5.38 3.0 4.2 6.0 12.0 48/40 142 5 hours 10 minutes 
after barbital; re- 
placement 
4 4.56 6.36 2.4 11.88 3.36 948 18.24 65/58 140 99 4 hours after bar- 
bital; lacement 
5 5.76 5.72 2.52 9.12 6.24 9.6 14.52 75/67 150 101.7 6 hours minutes 
after barbital; re- 
placement 
6 6.0 9.24 3.6 8.52 4.2 13.68 17.64 70/60 115 92.0 19 hours after bar- 
bital; replacement 
Rep. 4.56 6.84 8.72 696 2.52 9.96 15.96 55/45 126 91.6 21 hours after bar- 
bital; replacement 
Aver, — eee ee 
age 5.23 7.50 4.15 9.12 4.68 1083 16.11 58/48 129 97.01 
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Chart 6.—Arteriovenous difference in oxygen content of blood in shock fol- 
lowing trauma to a leg. Further explanation is given under chart 2. 
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always considerably higher. The oxygen content of blood from the renal 
vein was always higher than that of the mixed venous blood, while the 
content of blood from the external jugular vein was usually about the 
same. The most striking point in these experiments was the high con- 
tent of oxygen in blood from the femoral vein of the traumatized side. 

The average blood pressure in these experiments was 58 systolic and 
48 diastolic, the average pulse rate was 129 per minute and the average 
temperature was 97 F. 


The results of these experiments are to be seen in table 6 and chart 6. 


COMMENT 


The veins from which the samples of blood were withdrawn were 
chosen with a definite point in view. The portal vein allowed us to 
obtain blood which was returning from the intestinal tract. It was 
desirable to employ a vein which collected blood from muscular tissue 
almost exclusively, and the femoral answered this purpose. It would 
have been much more desirable to have used the internal jugular vein 
rather than the external, because we were interested in obtaining blood 
which was returning from the brain. The internal jugular vein was 
too small to afford a sample of sufficient size for analysis. The external 
jugular vein was chosen after inability to use the internal had been 
demonstrated, because some of the blood from the brain of the dog 
returns to the heart by way of the former. This is probably small in 
proportion to the total amount of blood in the vein. The renal vein 
drains blood from a very essential organ and hence was chosen. Blood 
was not obtained from the coronary sinus of the heart because this 
would have necessitated the opening of the thorax. The veins leading 
from such organs as the suprarenal glands, the thyroid gland and the 
pancreas were too small to allow one to withdraw blood without the 
production of stasis. 

The oxygen content of blood from the renal vein was higher in 
approximately all instances in all types of shock than that of blood from 
any of the other veins. The blood flow through the kidney is normally 
very great in proportion to its size, and the small arteriovenous differ- 
ence in oxygen content indicates that the blood flow through the kidney 
in shock continues to be relatively large. Severe shock is associated 
with an acidosis, and it is important that the flow of blood through the 
kidney should remain elevated as much as possible in order to eliminate 
the acid. 

In the experiments in which a low blood pressure was produced by 
the injection of histamine, the oxygen content of blood from the external 
jugular vein was unusually high. If this single determination is omitted 
from the consideration for the moment, it is to be noted that there is a 
striking similarity in the relationship between the values of the oxygen 
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content of blood from the various veins in the control experiments, and 
that between the values of the oxygen content of blood from these veins 
in shock following hemorrhage, the injection of histamine and brain 
trauma. This observation suggests that hemorrhage, histamine and 
brain trauma produce a fairly uniform diminution in the volume of 
the circulating blood in all parts of the body. 

In the experiments involving trauma to the intestines, it is found, on 
comparison of the oxygen content of blood from the portal vein and that 
of blood from large areas of muscle with the oxygen content of blood 
from the right side of the heart, that the portal content is unusually 
high and that of blood from the muscle low. In the experiments in 
which one of the legs was traumatized, the oxygen content of blood from 
the femoral vein of the injured extremity had a high content of oxygen 
while blood from the opposite femoral vein and that from the external 
jugular vein had a low content. The oxygen content of blood from 
the portal vein in these experiments was slightly higher than 
that of blood from the right side of the heart, but not strikingly so. 
In summary, it was found that blood from the traumatized area, whether 
it was the intestinal tract or an extremity, had an unusually high content 
of oxygen. These observations suggest that there was an accumulation 
of blood in the area that was traumatized and an unusual diminution in 
the amount of blood in other areas, with the exception of organs such as 
the kidney. 

These experiments will have to be supplemented by others of a dif- 
ferent nature before any final conclusions can be reached. The results 
at present indicate, but do not prove, that the mechanism which operates 
after trauma to.a large area of the body such as the intestinal tract or 
an extremity is different from that which operates following hemor- 
rhage or the injection of histamine or trauma to the brain. It would 
seem that trauma to the intestinal tract or to an extremity produces its 
effect by a local accumulation of blood and not by an increase in capillary 
permeability in the general circulation with a loss of fluid into the tissues 
such as is attributed to histamine. 


SUMMARY 


1. The oxygen content of blood from: (1) the right side of the 
heart, (2) the portal vein, (3) the femoral vein, (4) the external jugu- 
lar vein, (5) the renal vein and (6) the femoral artery has been deter- 
mined in dogs to which barbital had been given for varying intervals of 
time. 

2. Similar studies were made after a low blood pressure had been 
produced by: (1) hemorrhage, (2) the injection of histamine, (3) 
trauma to the intestinal tract, (4) trauma to the cerebrum and 
(5) trauma to one of the posterior extremities. 
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3. In the control experiments, the oxygen content of blood from the 
right side of the heart and that of blood from the portal vein were 
approximately the same, that of blood from the femoral vein was 
usually lower and that of blood from the external jugular vein slightly 
higher. The oxygen content of blood from the renal vein was usually 
definitely higher than that of the mixed venous blood. 


4. Approximately the same relationship existed between the values 
of the oxygen content of blood from the various sites after a low blood 


pressure had been produced by hemorrhage, by histamine and by 
trauma to the brain. 


5. The oxygen content of blood from the portal vein was much 
higher relatively after trauma to the intestines while that of blood from 
the extremities and head was low. 


6. The oxygen content of blood from the femoral vein of a trauma- 


tized leg was high, while that of blood from the opposite extremity and 
head was low. 


7. The oxygen content of blood from the renal vein was relatively 
high in all the experiments. ; 


8. These observations suggest a local accumulation of blood at the 
site of trauma to a large area such as the intestinal tract or an extremity, 
and are evidence against the action of a histamine-like substance that 


produces a general bodily effect. 








PRIMARY INTRAMUSCULAR HEMANGIOMAS OF 
STRIATED MUSCLE * 


JOHN STAIGE DAVIS, M.D. 
AND 


EDWARD A. KITLOWSKI, M.D. 
BALTIMORE 


Our object in this paper is to call attention to a surgical con- 
dition the origin of which is obscure and the diagnosis of which is seldom 
made except at operation. 

In 1908, one of us* (J. S. D.) published a report of a study on 
primary hemangiomas of the muscle, with a review of the literature up 
to that time, and added six hitherto unreported cases to the 147 cases 
found in published reports. We wish to add to this number eleven new 
cases, and we have taken this opportunity of reviewing the literature of 
the past twenty years and of bringing the subject up to date. Since 1908, 
forty-eight cases have been added to the 153 gathered in the previous 
report, with which the eleven cases to be outlined make a total of 212. 

In March, 1843, Liston described the first case, which he called an 
erectile tumor in the popliteal space, and this was found to be an angioma 
of the semimembranosus muscle. The earlier writers probably con- 
sidered cavernous angiomas of the muscles as similar to true erectile 
tissue because the gross appearance is much alike and because under 
certain conditions angiomas also change in size. In case 9 of our series 
the angioma changed in size during the physical examination. The dif- 
ference was clearly made by Rigaud when he stated that the variation in 
size of angiomas is a passive erectility due to mechanical pressure of 
the blood stream, while the variation in true erectile tissue is active erec- 
tility due to nervous control. 3 

In 1894, Muscatello made a careful study of these tumors, dividing 
them into four varieties according to their histologic structure. In 1905, 
Sutter, reporting a series of forty-six cases, including a review of the 
literature, stated that the varieties described by Muscatello were variously 
combined. In 1908, one of us (J. S. D.*) reported 153 cases, including 
six new cases. In 1913, Colli? made a résumé, reporting 164 cases. 


* Submitted for publication, Feb. 2, 1929. 


*From the Surgical Department of the Johns Hopkins University and 
Hospital. 


1. Davis, J. S.: Primary Haemangiomata of Muscle, Bull. Johns Hopkins 
Hosp. 19:74 (March) 1908. 


2. Colli, P.: Das primare Angiom der Aquergestrieften Muskeln, Inaug. 
Diss., Zurich, 1913. 
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Mondor and Huet,* in 1923, reviewed these tumors, reporting 168 cases. 
In 1925, 201 cases were reported, but this list included some angiomas 
primary to tendon sheaths and some of the tongue of doubtful origin. 
In this series of 212 cases we have attempted to exclude all cases of 
doubtful origin. 

Unfortunately, we were unable to secure two reports, one by M. 
Serfaty from South America and the other by D. M. Sugano from 
Japan ; they might have added other cases to the list. 


DEFINITION 


Hemangioma of the muscle is a tumor of more or less extensive 
vascularity due to malformation and proliferation of the preexisting 
vessels of the muscle. 

When using the term, angioma, in this paper, we mean hemangioma 
of the muscle as distinct from lymphangioma. Whether lymphangiomas 
ever originate in muscle is still a question, as up to the present no cases 
of pure lymphangiomas of voluntary muscle have been found. Never- 
theless, it is stated by some authors that all angiomas of the muscle arise 
from lymphangiomas, and that the blood is secondary to lymph. Under 
this heading fall the so-called hematolymphangiomas which are described 
by Monzardo, Ritschl and Lucke. 

The tumor may be a simple proliferation of the preexisting vessels 
in a certain district of the vascular network of the muscle, forming a 
simple angioma. The existence of a simple angioma is also questioned 
by some authors who believe that it may be a simple hypertrophy of the 
vessels without any neoplastic tendency. 

It is probably best to look on simple angiomas as a stage in the 
growth of these tumors toward the cavernous type. In his study, Sutter 
found these types combined, indicating that there may be stages in the 
growth. Colli? stated that the cavernous type was the only one appear- 
ing in the muscles. 

ETIOLOGY 


Numerous theories have been advanced as to the etiology of these 
tumors. According to Virchow, the angioma has its base as a primary 
dilatation and proliferation of already existing vessels, the changes 
occurring by way of diseased processes of the vasa vasorum in a definite 
vascular area. The cavernous spaces gradually develop through a hyper- 
plasia of the walls of the vessels and a gradual disappearance of the 
intermediary tissue, which atrophies, thus forming a union between 
individual cavities. 

Rindfleisch and Rokitanski assumed that angiomas arise from con- 
nective tissue tumors independent of the vascular system and form a 


3. Mondor, H., and Huet, P.: Angiomes musculaires, J. de chir. 21:423 
(April) 1923. 
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connection with the vessels in a secondary way. Rokitanski at first 
ascribed carcinomatous qualities to fungus hematodes but later stated 
that they were benign. 

Pilzer offered the following explanation: Through rupture of a 
vessel a hematoma was formed in the surrounding tissue which was not 
absorbed and which acted as an irritant to the neighboring connective 
tissue, the cells of which then formed the so-called endothelial layer. 
He tried to explain the failure of absorption by a congenital disturbance 
of development in a definite area of tissue. 

Honsell inclined toward the idea of vascular.fibromas. Monzardo 
expressed the belief that increased vascular tension in the seat of the 
tumor was the cause. Riethus, Wardrop, Jorge,* Mondor and Huet,° 
Serfaty ° and others were inclined to the theory that the tumors were 
congenital anomalies. 

Sutter believed that angiomas are probably primarily congenital mal- 
formations in the vessels which may be noted only in later years and 
that obstruction to drainage, due to proliferation of the coats of the 
vessel walls and damming of the flow, caused the formation of the 
venous and cavernous spaces. 

We believe that these tumors originate in a congenital anomaly with 
trauma as a secondary factor causing their growth. The congenital 
anlage is always limited to a certain district of the vascular network. 
The size of these tumors varies so much that it is easy to conceive some 
‘ so small that they are never disturbed by trauma and are carried through 
life unnoticed. This brings up the question of multiplicity, and it is 
interesting to note that in the 212 cases collected there are only three 
cases reported (Lichtenauer, Reboul, Poucele). 

The factor which causes the growth of these areas, probably trauma, 
may enter at any time. Some are already growing at birth, and others do 
not begin growth until some time later. In the case reported by Baum- 
gartner ® (11, table 1) the tumor was present from youth and did not 
grow rapidly until the patient was more than 60. 

Trauma can be varied. The movements of the muscle itself can be 
irritant, stimulating the growth. Infections may cause an inflammatory 
reaction which in turn may stimulate the tumor growth. Guyot and 
Jeanneney * reported an angioma in the soleus and peroneus muscles after 
a mild attack of grip (77, table 1). The application of casts may cause 


4. Jorge, J. M.: Sobre el angioma difuso de los musculos voluntarios, Rev. 
Asoc. méd. argent. 23:1448, 1915. 


5. Serfaty, M.: Angioma mixamatoso del musculo biceps del brazo derecho, 
Semana méd. 27:888, 1920. 


6. Baumgartner, H.: Zur Kenntnis des Haemangioma cavernosum linguae, 
Schweiz. med. Wchnschr. 55:1030, 1925. 

7. Guyot, E., and Jeanneney, A.: Angiome musculaire primitit de la brage 
externe de la jambe, pathogénie, J. de méd. de Bordeaux 94:564 (Sept. 10) 1922. 
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the growth to begin, as in Furnau’s * case (63, table 1). Birth trauma, 
blows, falls, etc., may also be causative agents. 


SYMPTOMS 


Functional or Subjective —Pain can probably be considered the chief 
symptom, because it is the one that usually causes the patient to seek 
treatment. In our summary of cases we find that pain was reported in 
100 of the 123 cases in which there is a definte note on the presence or 
absence of pain. Benard and Lamy ® believed that pain was a diagnostic 
aid and thought that.the word doloreux should be added to the name 
of these tumors. We know, however, that pain can be entirely absent 
even when the tumor has been present for a long period of time, as in the 
cases of Gold *® (69, table 1) and of Gorse * (72, table 1) in both of 
which there was no pain after sixteen years. In our new series of 
eleven cases, nine gave a history of pain, and in the six cases previously 
reported by one of us (J. S. D.) five had pain. 

Pain is caused either by pressure of the tumor on a nerve trunk or 
by involvement of a nerve in the tumor itself. The situation of the 
tumor with regard to the sensory nerves determines the appearance and 
the intensity of the pain. The angiomas of the long narrow muscles find 
it difficult to spread without exerting pressure on some nerve branch, 
while the wide flat muscles of the neck or trunk offer a greater field of 
expansion before pressure on sensory nerves occurs. Eleven of the 
twenty-three reporting the absence of pain in the 212 cases occurred in ° 
the muscles of the head and trunk, although the muscles of the extremi- 
ties were involved in almost twice as many cases. 

Mechanical functioning of the musculature and the posture of the 
patient also play a role in causing pain. There may be no pain when a 
muscle is at rest, but when the muscle thickens in contracture, there is 
pressure on a nerve, as in the cases reported by Mondor and Huet * 
(119, table 1) and by Diedoff ** (51, table 1). Also, there may be no 
pain when a patient is lying down; however, when the patient is up or 
walking the pain may appear, as in case 4. The application of a cast may 


cause sufficient pressure to bring pain, as a case reported by Furnau ° 
(63, table 1). and case 7 show. 


8. Furnau, F.: Beitrag zur Klinik der primaren Muskelangiome, Arch. f. klin. 
Chir. 181:495 (Sept. 23) 1924. 

9. Benard, E., and Lamy, J.: Angiomes profonds douloureux des membres, 
Presse méd. 17:907 (Dec.) 1909. 

10. Gold, E.: Zur Klinik und Histologie der Haemangiome der Skelettmusku- 
latur, Deutsche. Ztschr. f. Chir. 181:74 (Aug.) 1923. 

11. Gorse, P.: Des angiomes intra-musculaires, Rev. de chir. 46:83 (July) 
1912. 

12. Diedoff, V.: Rare Case of Angioma in the Flexor Carpi Radialis, Khirur- 
giya Mosk. 26:556, 1909. 
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The inclusion of nerves in the tumor caused pain in some cases. In 
their cases, Benard and Lamy® demonstrated nerve fibers in the 
periphery of the tumors; Kirmisson ** found a nerve encased in the 
tumor. The nerve fibers, however, are resistant and microscopically 
were normal in all the cases, even when the muscle tissue showed 
atrophy. Removal of the tumor caused the pain to disappear, demon- 
strating that there was no lesion in the nerve itself bet that inclusion or 
pressure caused the disturbance. 

Pain may be localized over the tumor or it may be diffuse; it also 
varies in duration and intensity. Kirmisson** (93, table 1) reported 
that in his case the pain was localized over the tumor and was so severe 
that the mass could not be palpated except under an anesthetic. Mondor 
and Huet * (117, table 1) reported a case in which the pain was localized 
over a point in the lower part of the abdomen; they performed an opera- 
tion for pelvic inflammatory disease through a midline incision. They 
found that there was no lesion in the pelvis, so a second incision was 
made over the painful area and an angioma was found in the rectus 
muscle. Guyot and Jeanneney’ (77, table 1) reported a case in which 
the whole leg was painful. In a number of cases the pain was spon- 
taneous, persisted for a time and then disappeared. In others it appeared 
as a constant severe pain and then disappeared for a time, only to reap- 
pear. In a case reported by Guyot and Jeanneney pain appeared after 
an attack of grip. Phleboliths may cause pain, as in the case reported 
by Wakeley ** (197, table 1) in which painful nodules were palpated. 
Then again pain may be entirely absent even when a nerve is found in the 
tumor, as in the case reported by de Busscher *® (30, table 1). 

According to the consensus of opinion, the chief characteristic of 
pain in these tumors, when it is present, is that it is spontaneous in many 
cases. Hemangiomas cause pain passively, that is, through mechanical 
action; if that action does not happen to affect some adjacent nerve, 
there will be no pain. 


Besides pain, angiomas may cause numbness or formication, heating 
and burning, or pricking. Wakeley ** (197, table 1) reported itching 
more severe at night. Magnon (106, table 1) reported numbness fol- 
lowed by heat and burning. 

The third subjective symptom is the impairment of function. 
In forty-seven cases there was some impairment of function, ranging 
from a slight limitation of motion to deformities of the extremities with 


13. Kirmisson, M. E.: Des angiomes profonds douloureux des membres, Bull. 
Acad. de méd., Paris 71:849 (June) 1914. 


14. Wakeley, C. P.: Calcification in Angiomata, Arch. Radiol. & Electroth. 
25:363 (May) 1921. 


15. De Busscher, L.: A propos d’un cas d’angiomi volumineux du bras, Bull. 
Soc. de méd. de Gand. 76:45, 1909. 








44 ARCHIVES OF SURGERY 


an almost complete loss of function. Causes for the impairment of 
function are: pain, the growth of the tumor in the muscle and the size 
of the tumor mass which prevents a group of muscles from functioning 
normally. 

Case 4 illustrates the loss of function because of pain. The patient 
was unable to perform her work because of pain and tingling in the 
fingers. One can readily see from the preceding paragraphs that pain 
can cause functional impairment. 

The growth of the tumor in a muscle causes destruction of the muscle 
tissue and replacement by tumor tissue and fat. The contractile elements 
of a muscle are destroyed and it loses its function, with the resulting loss 
of function of that part of the body. In case 2 the tumor had invaded 
the muscles of the calf, causing shortening and a marked deformity 
of the leg with loss of function. In the case reported by Jorge‘ 
(85, table 1) there was a gradual loss of function as the tumor involved 
the muscles of the forearm. In our series, thirty-seven cases were 
reported in which there was some impairment of function, and all of 
these cases occurred in the upper or lower extremities ; in other words, 
thirty-seven of 138 patients had functional impairments. These tumors 
assume a malignant aspect when one considers that they inevitably termi- 
nate in the loss of function or in the sacrifice of an extremity if proper 
treatment is not carried out at an early stage. 

The size of the tumor can also impede the function of adjacent 
muscles. In the case of Fritzsche (61, table 1), the mass was the size 
of a small pumpkin, situated in the semimembranosus and semi- 
tendinosus muscles and impaired the function, causing a limp. Sutter 
(180, table 1) reported a tumor the size of a goose egg in the supinator 
longus muscle which interfered with the motion of the elbow. In the 
case reported by Honsell (82, table 1) the tumor was the size of the 
head of a fetus and caused contracture of the leg. 

Interference with function always comes late, and usually so much 
damage has been done that operative measures merely prevent further 
deformity and further impairment of use. 


Physical or Objective Symptoms.—The objective symptoms are those 
which lead to the diagnosis of muscular angioma. Swelling is really the 
only objective symptom. The amount of swelling varies greatly. There 
may be no palpable mass, due to the situation of the tumor in the 
deep musculature, or it may be so small that it is seen only when it is 
cut down on. The size ranges from that of a nut to that of a small 
pumpkin. The tumor is not tender in itself, and if tenderness or pain 
is present, it is due to the proximity to sensory nerves, as was previously 
mentioned. Occasionally, the tumor is found at autopsy (37, table 1), 
no symptoms having been complained of during life. Sometimes the 
growth is discovered during an operation for some other condition as in 
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case 38, table 1 (Davis), in which the tumor was found in a child during 
an operation for varicose veins. 

It is well to repeat the suggestion made by one of us (J. S. D.*) 
that “a varicose condition of veins of leg in children can be caused by 
an angioma of the muscle and the tumor itself not be discoverable by 
swelling or any other symptoms, and only demonstrable by operation.” 


DIAGNOSIS 


The diagnosis of these tumors is difficult because of the indefiniteness 
of the symptoms. One should always take into account the fact that an 
angioma originating in a muscle varies greatly in size and that it can be 
situated in a deep muscle as well as in a superficial one—all of which 
makes the symptoms vary. 

The diagnosis, until recently, was seldom made before operation, the 
comparative rarity and the depth of tumor being the principal reasons 
for the difficulty. Now it is recognized more often than formerly. In 
the 212 cases collected, only eighteen correct diagnoses were made before 
operation. The tumor can appear in any voluntary muscle. Examina- 
tion, therefore, will reveal a tumor of distinct size which, when it is 
visible, will become more prominent by contraction of the muscle in 
which it is situated. Case 5 illustrates this point. At this same exami- 
nation nevi or any other manifestations of the skin will be discovered. 
Nevi can accompany angiomas of the muscle, but their presence is merely 
accidental. The skin over the tumor is usually loose and freely movable ; 
however, it may be tense and shiny due to stretching over a rapidly 
growing tumor. It can also be bluish, due to the closeness of a tumor 
to the surface or to the invasion by the growth (Zampa,** 201, table 1). 
The vessels in the skin may be dilated. This dilation may range from a 
few enlarged venules to varicose veins. In the later case, one must be 
cautious in making the diagnosis since the skin of the subcutaneous tissue 
might just as well be the region of origin of the neoformation. In a 
case reported by Kolaczek (98, table 1) and in other observations of 
his reported in the literature, it was a matter of diffuse angioma of rapid 
growth, in which the skin showed intense, strandlike enlargements of 
the veins of the skin, which he interpreted as a compensating process for 
the compression of deeper veins by the tumor. In this case the veins 
reached the point of varices, while in the case reported by Colli? 
(33, table 1) there was no more than an enlarged network of veins 
visible through the skin. In other cases, the skin will be entirely normal. 

Palpation again offers difficulties. Occasionally, there is pulsation in 
the early stage, as in Liston’s case (103, table 1); Matsuaka (130, 


16. Zampa, G.: Emangioma cavernoso diffuso dei muscoli striati, Policlinico 
(Sect. Surg.) 32:40 (Jan. 15) 1925. 
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table 1, quoted by Nagatomi) reported a case of pulsation in the later 
stage. This pulsation may possibly be transmitted from a neighboring 
artery. There may be souffle also, but these are uncommon phenomena 
in angiomas of the muscles. Palpation shows the tumor to be of vary- 
ing consistency, generally soft, at times with nuclei or more consistent 
portions, which may be extremely hard. Margarucci (110, table 1) 
reported a case with an ossified center. Wakeley** (198, table 1) 
reported movable hard areas in a tumor which turned out to be 
phleboliths. The consistency of the tumor also changes with the con- 
tractions of the muscle. Determining the nature of the surface of 
tumors deeply located is not always an easy matter. In the reported 
cases the number having a smooth regular surface is equal to that of 
tumors of the opposite description. In most cases there is no distinct 
boundary, even the circumscribed angiomas usually show a gradual 
transition into the surrounding tissues. The tumor may be movable 
laterally when the muscle is at rest. It may be smooth, or there may be 
lobulations. Often the tumor is reducible but usually only partially, 
making it impossible to determine whether it is circumscribed or diffuse 
with various lobulations and with distinct limits. Magon’s case (106, 
table 1) was completely reducible ; Davis’ case (40, table 1) was partially 
reducible, and Nagatomi’s case (129, table 1) was not reducible. 
Ordinarily, these tumors cannot be completely reduced. The size of the 
tumor may also be reduced by raising the extremity on which it is situ- 
ated or by obstructing the circulation of the segment. In the case 
reported by Strauch (175, table 1) a bandage was placed tightly about 
the neck causing the tumor to swell appreciably ; several hours after the 
removal of the pressure it returned to its former size. 


Compressibility has long been considered a valuable diagnostic 
point. It is not always present and when found cannot be absolutely 
depended on. To every eighteen patients showing this symptom there 
were twenty-three who stated expressly that it was absent. It is found 
chiefly in those angiomas of the muscles the liquid content of which can 
find its way into the veins. Fluctuation is occasionally found, but it is 
of no diagnostic value and is usually incorrectly interpreted. A char- 
acteristic symptom, helpful in diagnosis, is the presence of phleboliths. 
Wakeley made the diagnosis from an x-ray picture showing phleboliths. 
They are formed by calcification of organized thrombi and may be 
present at any age. They occur in the cavernous spaces as well as in the 
veins. Sometimes, if there is not too much connective tissue, these con- 
cretions are palpable. Many are so small that they are detected only 
by roentgen examination. Care must be taken to observe closely the 
shape of the shadows since only circular or oval shadows ranging from 
the size of a millet seed to that of a pea are characteristic. In Mahar’s 
case (107, table 1) the shadow was so close to the bone that the diag- 
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nosis of tumor of the bone was made. In the thirty-three cases in which 
phleboliths were found in the tumor, sixteen were found by roentgen 
examination and seventeen were discovered in the examination of the 
growth after removal. Deformity and loss of function due to mus- 
cular angiomas have already been discussed, and these factors should 
always be borne in mind when the diagnosis is being considered in 
obscure cases. Exploratory puncture is used frequently as a means of 
diagnosis. It would seem logical to diagnose a neoformation as an 
angioma when a puncture yields normal blood and the tumor regains its 
original size in a short time. Some authors say that cavernous angiomas 
have been observed to increase in size at puberty. Another symptom 
which may aid in the diagnosis is excessive growth of the entire affected 
limb, occasionally amounting to actual hypertrophy. 


DIFFERENTIAL DIAGNOSIS 


The following neoformations and diseases must be taken into con- 
sideration and differentiated from hemangiomas: lipoma, sarcoma, 
fibroma, hematoma, primary carcinoma of the muscle, dermoid cyst, 
hemangiomatous elephantiasis, syphiloma, chronic myositis, tuberculous 


myositis, myositis ossificans, hydatid cysts, hernia of the muscle and 
hernia of the lung. 


Angioma of the muscle is must frequently diagnosed lipoma because 
of its soft lobulated structure, slow growth and the frequent lack of pain, 
both spontaneously and on pressure. Careful examination will usually 
determine whether or not the growth is in the muscle, which fact will 
eliminate all lipomas excepting those primary to muscle, which are rare. 
Primary sarcoma of the muscle is exceedingly rare also; however, 
the intermuscular sarcoma arising in the connective tissue between the 
muscle bundles must be considered. Exploratory incision will reveal the 
characteristic pathologic changes, and the diagnosis can be made. 
Fibromas of the muscle have well defined borders, grow rapidly and 
are hard; neurofibromas are similar. In the collected cases, the condi- 
tion was diagnosed fibroma or neurofibroma in nine, depending on the 
presence or absence of pain. Dermoid cysts are never found in the 
muscle of the extremities. Hydatid cysts will yield a clear yellow 
fluid and the characteristic hooklets can often be found microscopically. 
Syphiloma and tubercular myositis can usually be excluded by careful 
physical examination and laboratory tests. Syphiloma will clear up 
under antisyphilitic treatment. In tuberculous myositis an exploratory 
puncture will show thin serous fluid with caseous detritus. The condi- 
tion in twelve cases was diagnosed as cold abscesses or tuberculosis in 
the series of cases collected. Primary carcinoma of the muscle has 
never, to our knowledge, been found and metastases can be eliminated by 
the absence of a primary growth. Chronic myositis and myositis 
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ossificans should offer no difficulties. In chronic myositis the swelling 
is extremely hard with a history of long continued pressure or trauma. 
In myositis ossificans there is-bone formation, and the x-ray picture 
will establish the diagnosis. Hematoma can be eliminated by explora- 
tory puncture, since it will yield dark blood if aspirated early, and serum 
if aspirated later, but never normal blood, and it will not return to its 
original size after it is once aspirated. There is also a history of recent 
injury. Hernia of the muscle changes size with the contraction or 
relaxation of the muscle, and a vent can usually be felt in the fascia. 
Hernia of the lung is rare and, of course, is found only on the wall of 
the chest. Ordinarily, it can easily be reduced, and the x-ray picture will 
establish the diagnosis. 

Sometimes it is necessary, even after excision of small atypical 
angiomas of the muscle, to examine the growth microscopically before a 
final diagnosis can be made. 


PATIIOLOGIC CHANGES 


Angiomas are considered benign tumors, although they have some 
characteristics which indicate a malignant tendency. They are always 
progressing. They infiltrate the muscle, which is the seat of origin, then 
extend to neighboring muscles, and soon penetrate the aponeurosis and 
other tissues until they reach the bones, which they may also invade. 
Their growth is not by expansion, as in the majority of benign tumors, 
but by infiltration. An angioma does not force back the tissues which 
surround it but infiltrates the adjacent tissue by small endothelial 
germs, which later give rise to the formation of capillaries. The inter- 
stitial connective tissue is invaded by endothelial cells forming capil- 
laries, which destroy the muscle and give place to the fenestrated tissue 
which characterizes angioma of the muscle. The development is pro- 
duced not by monocentric but by multicentric proliferation. From the 
periphery the angioma increases and radiates in different directions. 
The invasion is by continuity, a characteristic of malignant tumors. It 
is a question whether metastases occur. The appearance of metastatic 
formations, however, which have been cited by Konjetzni,’’ Walis, 
Billroth and others, is so extremely rare that the question arises whether 
they are angiomatous metastases or angiomatous tumors of another type. 

The evolution of these angiomas in situ is serious, for the trans- 
formations and degenerations which other angiomas undergo and which 
interfere with their invasion are not observed in muscular angiomas. 

Muscular angiomas sometimes cause thrombosis of the vessels 
(Vianney ; 193, table 1) and cause profuse hemorrhages from the tumor, 
but if no communication exists with a large vessel, the flow of blood is 
slow, like the usual circulation in angiomas in general. 


17. Konjetzni, G. E.: Zur Pathologie der Angiome, Miinchen. med. Wchnschr. 
59:241, 1912. 
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Some authors have described angiomas which have undergone 
malignant degeneration, and others have reported cases of angiomas 
which have undergone suppuration after an intercurrent malady. 

The classification as previously given by one of us (J. S. D.*) is 
probably as satisfactory as any and follows: 


Simple Capillary Circumscribed Rare 
or Venous Rare 
Telangiectatic Arterial or 


Cavernous More frequent Diffuse Common 


Often, however, all the divisions of simple angiomas together with 
the cavernous type are found in the same tumor in different areas. The 
existence of the simple angioma is also questioned by some authors, who 
believe that simple angioma is only a stage in the development of 
cavernous angiomas. 

We shall confine ourselves to the cavernous type. 

The gross specimen looks much like a muscle containing varicose 
veins. The thin-walled cavernous spaces appear bluish, as they protrude 
between the muscle fibers. The mass is more or less compressible. On 
section the tissue is red or reddish brown and gives the impression of a 
sponge filled with blood. The density depends on the amount of fibrous 
connective tissue. If the connective tissue is dense, then it will have 
the appearance of a fibrous tumor. If the connective tissue is loose, the 
blood filled spaces will be prominent and will give the appearance of a 
mass of varicose veins which have been cut across. Sometimes the ves- 
sels will stand out on the cut surface like small stems, the connective 
tissue having retracted. The muscle fibers may be unchanged or appear 
in different stages of degeneration. There may be areas of fat. There 
is an increase in the intermuscular fibrous tissue. The tendons and 
nerve trunks are rarely affected, and the large arteries are usually 
normal. Microscopically, cavernous angiomas are composed almost 
exclusively of blood filled lacunae limited by connective tissue septums 
which are often incomplete. In some of the lacunae the blood coagu- 
lates, forming clumps of fibrin which at times seems adherent to the 
wall, and at other times almost completely separated, being connected to 
the endothelial wall by a pedicle of fibrin. In these fibrinous masses 
neoformations appear which terminate in the formation of capillaries 
which distribute them in various directions. In some of the lacunae 
many red cells and a few white cells are seen. In others the number of 
white cells increases considerably, so that some authors have considered 
these spaces as lymph spaces. 

In some angiomas there are deposits of calcareous salts which are 
surrounded by periodic desquamation of endothelium, producing con- 
cretions with concentric cellular layers. 
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62 ARCHIVES OF SURGERY 


The cavernous spaces are of different sizes and forms. They are 
formed by the dilatation and fusion of the capillaries. They may be 
lined with endothelium and contain blood, or the lining may appear to be 
absent and the blood be in direct contact with the connective tissue and 
smooth muscle surrounding them. Around the spaces is a framework of 
connective tissue and smooth muscle carrying arteries and veins. 

The connective tissue forms the framework of the tumor, causing 
variations in the spaces. The partitions of connective tissue are thick if 
there is an abundance of connective tissue present and thin if it is scant. 
The partitions are usually covered with endothelium and some are so 
thin that the endothelium is practically back to back. In places the 
partitions do not reach across the spaces forming what Verneuil called 
angiomatous valves. These formations seem to depend on the prolifera- 
tion of the connective tissue and not on atrophy of preexisting tissue due 
to pressure of the blood. 

Muscatello thought that the connective tissue originated from the 
perimysium, while Reclus and Magitot believed that it came from the 
adventitia of the arterioles and veins. Karyokinesis is occasionally seen 
in the nuclei of the connective tissue cells. Elastic tissue is seen through- 
out the tumor when proper staining is done. 

Sometimes one sees cellulo-fatty tissue enclosing remnants of dam- 
aged muscle fibers. Sometimes the connective tissue is loose with a 
quantity of capillaries intermingled with muscle fibers of normal 
appearance. 

The connective tissue is generally found with few cellular elements, 
but sometimes the cells are seen grouped with a great number of leuko- 
cytes, giving the impression of lymphoid formations. 

In these tumors alterations appear in the arterial walls making them 
thicker especially than those of smaller caliber. This thickening is due 
to the proliferation of endothelial cells often arranged in rows. There 
may also be a proliferation so active as to produce a complete obstruction 
of the lumen of the vessel. The other layers are also hypertrophied. 
Sometimes there is a thickening of the middle tunic, and at other times 
the adventitia is greatly enlarged. 

The capillaries are most important. Each capillary has a wall of its 
own, which may be formed of endothelium alone or may be almost 
arterialized. Instead of a single layer of endothelium there may be two 
or three layers. The lumen varies in size. According to Muscatello, the 
capillaries proliferate, and buds are sometimes seen coming from 
the walls. Sutter said that these capillaries dilate, fuse and form the 
cavernous spaces. Rigaud said, however, that the number of capillaries 
always remains the same and that the lacunae are formed by dilatation 
and never by fusion. 

The majority of authors are of the opinion that the veins are often 
absent and, when they do exist, are scarce and have no special charac- 
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teristics. Benard and Lamy stated that veins do participate and present 
arterialization of their walls. New vessels are formed with the structure 
of veins. The walls may be thickened or dilated and atrophied. The 
dilated vessel may form the irregular venous space cavities which are 
probably the result of obstruction. In spite of careful investigation 
(Bajardi, Riethus and others), satellite veins of large arteries have not 
been found. 

Nerve fibrils and sometimes a large nerve are found in the tumor; 
however, these are simple enclosures of normal nerves which resist 
destruction much better than do the muscle fibers. 

Muscatello and Sutter described smooth muscle fibers, probably of 
vascular origin, as though the venous walls, on the disappearance of the 
vessel, left part of the middle tunic between the connective tissue sur- 
faces. It predominates in some places, and many authors believe that 
it originates from the muscular coats of both arterioles and veins. 

The muscle itself presents changes of different natures. In some areas 
it retains its normal aspect with clear striations and well stained nuclei. 
In other areas it appears as bands of uniform color, staining without its 
structural design. At times fatty degeneration is seen. Riethus and 
Ritschl believed that the fatty tissue invaded the muscle causing degen- 
eration. Sutter believed that the fat was the result of muscle degenera- 
tion. This interpretation is the correct one as it is a well established fact 
that fat replaces any degenerated highly specialized tissue. 

Angiomas have also been described which are surrounded by an 
envelop or capsule of connective tissue which Charpenay called circum- 
scribed angiomas. 

TREATMENT 


Various treatments have been tried for the cure of angiomas of the 
muscle. Local applications, the insertion of setons, magnesium darts and 
ivory pegs, have been tried with little success. The injection of various 
types of cauterizing fluids, to bring about atrophy of the blood spaces 
through the formation of scar tissue by aseptic inflammation, has failed. 
Other liquids have been injected to cause coagulation of the blood in the 
tumor, but these have also been of little value. The substances used 
included: boiling water, nitric acid, alcohol, tannic acid, tincture of 
iodine, lead acetate, ammonia, perchloride of iron and the chloride of 
lime. In some cases the result has been fatal; in others abscesses have 
formed and sloughing has occurred. Cauterization by means of the 
Paquelin cautery has been used to induce more rapid coagulation. 
Wharton ?® (200) cured an angioma with the galvanic cautery 
after several months of treatment. Heide reported a case in which the 


18. Wharton, H. R.: Extensive Angioma of the Upper Extremity, Tr. 
Philadelphia Acad. Surg., 1911, vol. 13. 
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patient was treated by electrolysis with satisfactory results. He used a 
current of from 30 to 40 milliamperes for three or four minutes at each 
treatment over a long period of time. Treatments with the roentgen 
rays and radium have been tried with some success. The diagnosis in 
these cases, however, is always questionable unless it is verified by an 
exploratory operation. The method offering the best result is excision or 
at least partial excision. In the case of circumscribed or well limited 
angiomas, excision of the tumor itself will suffice. In diffuse angiomas 
it is necessary to remove the tumor with a good margin of healthy muscle 
around it in order to insure a permanent cure. This procedure is rela- 
tively easy when the tumor is small, but it presents great difficulties in 
the larger tumors which involve a considerable portion of an important 
muscle or group of muscles. In these instances various treatments 
may be employed in the effort to save the affected limb from amputation. 
Compression of the angioma, ligation of the arteries which nourish the 
tumor and treatments with radium or the roentgen rays can be tried. 
Partial or complete long continued compression of the angioma has not 
been satisfactory, and ligation of the nourishing vessels is, one can easily 
see, difficult if not entirely impossible without injuring the affected 
extremity as there is rarely a single afferent vessel. Radium seeds 
buried in the tumor and deep roentgen treatment promise the best results 
and may reduce the angioma so that it can be removed later. If these 
methods fail, amputation can be done. It is also advisable to amputate 
in those instances in which the tumor has damaged the extremity so much 
that it would be useless even if the whole tumor were removed. 


PROGNOSIS 


The prognosis as to life is excellent. The majority of angiomas of 
the muscle are benign. The tendency to invasion is the serious feature 
of these tumors and early operative intervention will aid in reducing the 
number of functional impairments. The question of malignancy has 
never been established, and the majority of angiomas of the muscle 
should be considered benign. 


REPORT OF CASES 


Case 1.—Diagnosis: Intramuscular hemangioma of the masseter muscle; 
excision; recovery. 

Clinical History —A white man, aged 69, a German, was admitted to the Johns 
Hopkins Hospital on Jan. 20, 1910. The past and family history were unim- 
portant. Three months before admission the patient felt a painful lump inside 
of the left cheek. When first noted the growth was the size of a pea, but it 
gradually increased. He began to catch the mucous membrane between his teeth 
and finally an ulcer formed. There was no pain at the time of admission. 


Physical Examination—The results of the examination were negative, except 
for a ragged ulcer on the inside of the left cheek, about the size of a quarter. The 
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floor was fissured, and there was a slight inflammatory reaction around it and 
slight induration. It bled easily. A small mass was felt through the cheek. A 
diagnosis of a malignant condition was made. The Wassermann reaction and 
urinalysis were negative. 

Operation——Dr. Halsted performed an operation on Jan. 22, 1910, using gas 
and ether anesthesia. The cheek was divided and the growth exposed. It was 
excised and the area was cauterized. Bleeding points were ligated, and the wound 
on the cheek was sutured. The patient made an uneventful recovery. 


Microscopic Pathologic Changes—The tissue was composed of numerous blood 
vessels and blood spaces in muscle and fat. The blood spaces were irregular in 
size and were lined with endothelium. In some areas there was no connective 
tissue between the endothelial cells of the adjoining spaces. The walls of the 
arteries showed an increase in the connective tissue and in the endothelium. A 
number of vessels had endothelium two layers thick. Some of the veins were 
irregular in shape with thin walls. One vein had a thick wall and was partially 
thrombosed. All the vessels and blood spaces were packed with blood cells. The 
muscle fibers in some areas had lost their nuclei and appeared as hyaline. In these 
areas the fibrous tissue was increased. The nuclei of the fibrous tissue in these 
areas were more numerous than normal. In some areas there was an infiltration 
of round cells. 


Subsequent History—The patient was discharged well. No further record was 
obtained. 

Case 2.—Diagnosis: Intramuscular hemangioma of the muscles of the calf 
and adductors of the thigh; reamputation; recovery. 

Clinical History—A white man, aged 23, a bookkeeper, of Scotch-Irish descent, 
was admitted to the Johns Hopkins Hospital on Aug. 21, 1911. The past and 
family histories were negative. At the age of 3, the patient had a fall followed 
by tenderness and swelling of the right calf. After this subsided, a lump was 
found in the calf which did not disappear. He began to have difficulty in walking, 
and during the next five years the deformity became so great that he walked on 
his toes with the heel drawn up. In addition there was flexion at the knee. Seven 
years after the onset, at the age of 10, he had scarlet fever and after convalescence 
was not able to put the heel on the floor. The condition became gradually worse 
until in March, 1906, fifteen years after the onset, he came to the hospital for 
treatment for the deformity. 

There was a marked contracture of the achilles tendon with atrophy of the 
calf and thigh. The knee was flexed at an angle of 45 degrees. A diagnosis of 
nondeforming clubfoot due to cerebral disturbance was made. An attempt to 
lengthen the hamstring muscles was made, but on account of excessive hemorrhage 
the operation was abandoned. 

The patient had smallpox while in the hospital; after recovering from the 
disease he was discharged. He returned after a month, and a second operation 
was attempted, this time around the knee. The popliteal nerve and probably the 
vessels were injured as gangrene set in, and an amputation had to be done in the 
lower third of the leg. The deformity at the knee continued to increase during 
the following five years, and the patient again came to the hospital for further 
treatment. He desired to get a weight-bearing stump. This was twenty years 
after the onset of the disease. 


Physical Examination—The stump below the knee was atrophied and was held 
flexed at the knee. There was some motion in the knee joint. When the leg 
hung the internal saphenous vein with numerous serpentine branches became hugely 
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dilated, and there was enlargement of the upper half of the thigh suggesting deep- 
qy seated hemangioma. 
> Operation—On Aug. 25, 1911, Dr. Bloodgood performed an operation, using 


gas anesthesia. Reamputation was done. An Esmark bandage was applied, and 
the stump was amputated at the junction of the middle and lower thirds of the 
thigh. In making the circular amputation it was found that the femoral artery 
and vein were smaller than normal, but the veins of the saphenous network were 
hugely dilated. The adductor longus was an indurated mass, and on section the 
muscle tissue was found to be replaced by fibrous tissue in the meshwork of which 
were numerous blood spots. A vertical incision was made and the adductor longus 
: was dissected out to its origin. The mass of veins and fat around the saphenous 

were also removed. All bleeding vessels were ligated, the Esmarck bandage was 
’ removed and the wound was closed. 

: Gross Pathology (Dr. Bloodgood).—The knee joint was normal, and there 
was no evidence of inflammation. There was distinct evidence of an angiomatous 
i condition of the gastrocnemius muscle, but scar tissue had taken its place and the 
i" 7 
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other muscles were replaced by fat. In the thigh the adductor longus muscle was 
: i : involved down to its attachment, but no other muscles of the thigh were involved. 
} i} i The adductor longus was fibro-angiomatous and contained one calcified area. 

f ’ Microscopic Pathology—The tissue was composed of loose fibrous strands in 


which were many large spaces lined with endothelium, some of which contained 

blood. These spaces were irregular in size and shape. In one space there was a 
: mass of connective tissue covered with endothelium which was evidently a cross- 
section of a papillary projection. Many of these large blood spaces lacked endo- 

thelial lining. In some areas the wall of the blood space rested against muscle 
fibers which were hyaline and vacuolated, showing degeneration. The walls of 

many blood spaces contained smooth muscle. Many had thickened layers of endo- 


: 
: 

{ | thelial cells so that the lumina were small. There were patches of smooth muscle 
4 


a thickening in the fibrous layer of their walls. 


In another section there were numerous voluntary muscle fibers showing degen- 
erative changes. In other areas there was fat with areas of muscle fibers, giving 
the impresson that the latter had been replaced by the former. 
there was a small round cell infiltration in the connective tissue. 


scattered in the wavy fibrous tissue between the blood spaces. Some vessels showed 


In some areas 
) Subsequent History—There was pain in the stump which began after twelve 
' years; the history was otherwise negative. 


Case 3.—Diagnosis: Intramuscular hemangioma of the peroneus brevis and 
flexor longus hallucis; excision; recovery. 


wre ee 


Clinical History—A white man, aged 28, a merchant, a Jew, was admitted to 
the St. Agnes Hospital on Aug. 27, 1912. The past and family histories were 
negative. Eight years before admission the patient noted that the leg was painful. 
Later he found a small lump on the posterior surface of the right calf. The pain 
was most severe on standing or walking. There was no history of injury. 
. Physical Examination.—The results were negative except for the condition of 
' i | the right leg. When the patient stood, a lump about the size of a walnut appeared 

; 





on the posterior surface of the calf. There was no pulsation, and the mass gave 
the sense of fluctuation. When the patient lay down, the mass disappeared. There 


was no change in the skin, and no subcutaneous varicose veins were visible. The 


lump was compressible. Pain was chiefly in the region of the swelling and above 


it in the calf of the leg. No measurements were made, but the leg affected 
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appeared fuller than the normal one. There were a few dilated veins in the pop- 
liteal space. A diagnosis of angioma was made. 


Operation—On Aug. 29, 1912, Dr. Bloodgood performed an operation, using 
gas and ether anesthesia. The bulging area was 3 cc. above the external malleolus 
between the achilles tendon, the peroneal muscles and the flexor longus hallucis. 
A mass of dilated veins in the subcutaneous fat anastomosing with the fine veins 
on the achilles tendon was found. These communicated with the angioma in the 
peroneus brevis and the flexor longus hallucis. All this tissue was completely 
excised. Closure was made, and an iodiform drain was put in. An Esmarck 
bandage was used around the thigh. The drain was removed on the fifth post- 
operative day. The healing was uneventful. 


Gross Pathology (Dr. Bloodgood).—The tissue consisted of subcutaneous vari- 
cose veins and fat, the angioma in the muscle and some normal muscle. 

Microscopic Pathology—The sections showed the usual picture of angioma. 
There were blood filled spaces of irregular size and shape between the muscle 
bundles. The walls of these spaces were connective tissue with a lining of endo- 
thelium. In some areas there were infiltrations of small round cells suggesting 
inflammation. The striated muscle fibers were replaced by fat (fig. 1). 


Subsequent History—In 1920, eight years after the operation, the patient wrote 
that he had pain in the region of the scar which was attributed to the scar itself. 
Examination failed to reveal any recurrence of the growth. 

Case 4.—Diagnosis: Intramuscular hemangioma of the extensor pollicis; 
excision; recovery. 

Clinical History —A colored woman, aged 34, a domestic, was admitted to the 
Johns Hopkins Hospital on May 12, 1913. The past and family histories were 
negative. Since childhood there had been a small lump on the anterior surface 
of the wrist. This had gradually grown until, seventeen years before the patient’s 
admission, it was the size of an egg, and had become extremely painful, causing 
tingling in the fingers and loss of function. Twelve years before the patient’s 
admission the lump was removed by a physician. The patient said that it looked 
like beef. After this operation the pain did not subside, and gradually a new lump 
began to appear. Because of pain the patient had little use of her fingers. 

Physical Examination—A soft murmur was transmitted from the heart to the 
axilla. The results of the examination were otherwise negative except for the 
condition of the left upper extremity. The left arm was somewhat atrophied. 
There was a dark scar about 1 inch (2.5 cm.) long over the back of the wrist 
at the lower end of the radius. There was a swelling extending from this scar 
for about 10 cm. up the dorsum of the radius. The skin over the swelling was 
movable and a little shiny. There was no local heat. The swelling was tender, 
not fluctuant and was movable over the bone. There was little motion in the wrist 
because of tenderness, and the thumb and forefinger were practically useless. She 
could not make a fist. The hand was atrophied and was held in slight dorsal 
flexion at the wrist. 


Measurements Right Left 
22 cm. 19 cm. 
Wrist through swelling 16.5 cm. 17.5 cm. 
Wrist above swelling 19.5 cm. 15.5 cm. 
Forearm 26 cm. 23 «cm. 
23.5 cm. 21.5 cm. 


The results of urinalysis and a Wassermann test were negative. A diagnosis 
was made of ganglion along the tendon sheath. 
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Operation—On May 22, 1913, Dr. McClure performed an excision, using ether 
anesthesia. An incision was made over the old scar and the present tumor. A 
dense mass of fibrous tissue was found which was gradually excised exposing the 
tumor which lay under the scar and extended for about 5 cm. up under healthy 
tissue. When the mass was dissected out, it was found to involve the extensor 
pollicis. The tumor was also found to be adherent to the capsule of the joint, 
and a piece of the capsule had to be removed with it. The tendon of the extensor 

















Fig. 1 (case 3).—1, cellular connective tissue which forms the framework of 
the angioma; 2, irregular blood filled spaces; 3, endothelium covered walls separat- 
ing the cavernous spaces; 4, solid mass of endothelial cells, a cross-section of one 
of the budding channels; 5, degenerated muscle fibers; 6, fat replacing muscle. 


pollicis was then sutured to the extensor indicis. Closure throughout was made 
with silk. 
Gross Pathology—The specimen had a nodular appearance. 


extremely dark, and the tissue between was white and fibrous. 
like a sponge. 


The nodules were 
On section it looked 
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Microscopic Pathology—There was a large amount of fibrous tissue in which 
were blood spaces which were irregular in size and shape. Some of these lacunae 
were separated by thin walls of connective tissue joined with endothelium so that 
it appeared as if the endothelium was back to back. Here and there were small 
bundles of smooth muscle. Some of the larger vessels had an increase in the 
fibrous tissue of their walls. In one section there was a vein with a thick wall 
The muscle tissue showed degenerative changes. Figures 2 and 3 show the lacunae 
and connective tissue stroma. The high power gave an idea of the walls of the 
blood spaces. In this case the sections made did not show any areas of cellular 








Fig. 2 (case 4).—1, large lacunae filled with normal blood; 2, cellular connec- 
tive tissue; 3, blood channels in the connective tissue without endothelial lining. 


infiltration. The blood in the lacunae appeared normal. Other sections showed 
the blood enclosed in fibrous tissue spaces without any endothelial lining. 

Subsequent History—The patient was discharged well. No further report 
could be secured. 

Case 5.—Diagnosis: Intramuscular hemangioma of the biceps brachialts; 
excision; recovery. 

Clinical History—A white girl, aged 12, a student, a Jew, was admitted to the 
Johns Hopkins Hospital on Sept. 17, 1915. The family and past histories were 
negative. Three years before admission the patient’s mother noted a slight enlarge- 
ment over the inner side of the upper third of the right arm. This had gradu- 
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anesthesia. An incision was made over the tumor. 
incised, the tumor was immediately evident as an angioma. 
and soft, and was entirely limited to the short head of the biceps. The short head 
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ally increased without any pain or discomfort. 


The patient thought that the arm 
was lame during damp weather. 


Physical Examination—The results were negative, except for a swelling over 
the biceps of the right arm. When the patient flexed her arm, the tumor became 
more prominent and looked like hypertrophied muscle. The skin was normal over 
the tumor and was not adherent. The swelling was soft, compressible, not lobu- 


lated or tender. The edges were poorly defined. There was no limitation of 
motion. The diagnosis was angioma of the muscle. 











Fig. 3 (case 4).—Higher magnification of figure 2. 1, thin walls separating the 
lacunae. These consist of two layers of endothelial cells separated by a thin layer 


of connective tissue; 2, incomplete bands of connective tissue projecting into 


the blood filled lacuna—the so-called angiomatous valves. 


Urinalysis and a Wassermann reaction were negative. 
Operation—On Sept. 18, 1915, Dr. McClure made an excision, using ether 


When the biceps muscle was 
It was multiloculated 
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was divided at its origin and the mass removed. There was little muscle tissue 
left in the short head. The muscle was cut across just above the cubital fossa. 
No large veins and no suggestion of communication with the brachial veins were 
seen. During the dissection the thin walls of the tumor were opened and dark 
blood escaped, causing complete collapse of the mass. Closure was made through- 
out with silk. The patient made an uneventful recovery. 


Gross Pathology—The specimen consisted of a mass of tissue about the size 
of an egg. The tissue was red and was composed chiefly of muscle. On section, 
the cut surface was made up of a network of branching tubes, having the average 
diameter of a horse hair. These tubes were too small to demonstrate a lumen, 
but they were suggestive of blood vessels (Dr. Webster). 


Microscopic Pathology——Sections in this case did not show large spaces filled 
with blood, although they were definitely demonstrated at operation. There were 
numerous blood vessels the walls of which showed thickening of the fibrous tissue 
or in other tissue of the intima. The muscle bundles were separated by masses 
of fibrous tissue and many muscle fibers were replaced by fat. Certain areas 
showed only connective tissue with irregular areas of smooth muscle. There was 
some small round cell infiltration in these fibrous areas. 

Subsequent History—There was no recurrence after ten years. 

Case 6.—Diagnosis: Intramuscular hemangioma of the biceps femoris; exci- 
sion; recovery. 

Clinical History —A white woman, aged 24, a nurse, an American, was admitted 
to the Johns Hopkins Hospital on Nov. 7, 1918. The family history was unim- 
portant. An appendectomy had been performed ten years before admission. After 
the operation for appendicitis, the patient noted a swelling of the posterior aspect 
of the right thigh. This was slightly annoying for two weeks but was never 
extremely painful. It had increased slightly in size. During the past two or 
three years the swelling had become tender on pressure, and she had been conscious 
of a tired dragging sensation in the right leg. After walking a short time, this 
sensation was not so noticeable. 

Physical Examination—The results of the examination were negative except 
for the condition of the right thigh. There was a somewhat diffuse swelling at 
the upper part of the right popliteal space and extending upward from it. There 
were a few dilated vessels in the skin over the swelling. The skin was not 
adherent and was freely movable over the tumor. On palpation, the tumor was 
soft, not tender, and seemed to extend between the biceps muscles. It was rather 
diffuse, and the edges were not definitely felt. It was slightly compressible. No 
thrill or bruit was present. Vertically, it measured about 10 cm. and transversely 
about 6 cm. It projected out from the normal contour only to a slight degree. The 
results of a urinalysis were negative. 


Operation—On Nov. 8, 1918, Dr. R. Follis made an excision, using ether anes- 
thesia. The patient was placed in the prone position, and a vertical incision was 
made down the center of the right thigh over the tumor mass. As the deep fascia 
was incised, a diffuse reddish tumor was encountered beneath the sheath of the 
muscles without definite encapsultation. Inspection showed that the normal muscle 
fibers were continuous with the tumor itself. As attempts were made to circum- 
scribe the tumor, large venous sinuses were encountered, and it became clear that 
the condition was one of intramuscular angioma. An effort was made to remove 
the growth cleanly with as little sacrifice of normal muscle as possible. Nowhere 
was it possible to shell out the tumor by blunt dissection. At the upper pole 
numerous bundles of muscle fibers running down into the tumor had to be cut. 
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The mass was then turned down and the lower attachment was cut. The severed 
ends of the muscle were sewed to the underlying hamstring muscles. The sciatic 
nerve was not seen during the operation. Closure was made with interrupted silk 
in the fascia; subcuticular silver wire was used in the skin. Bismuth gauze dress- 
ing and crinoline spica was used down the leg to the toes. 


Gross Pathology.—The tissue consisted of a tumor of the soft parts about the 
size and shape of a large goose egg. It was definitely circumscribed. On the 
section there were numerous blood vessels and sinuses, some patent and others 
filled with a gelatinous material. The muscles were bound together by tough 
fibrous tissue. Considerable muscle tissue was present. 


Microscopic Pathology—tThe tissue was composed of loose fibrous bundles in 
which were many large spaces lined with endothelium. These spaces anastomosed 
with each other and were irregular in size and shape. Many were filled with 
blood. There were other blood spaces which did not seem to have any lining 
endothelium, and the blood seemed to be directly in contact with muscle or fibrous 
tissue. Many of these blood spaces had smooth muscle in their walls which seemed 
to bear a definite relationship to the wall. In a few areas there were partially 
organized thrombi. The fibrous tissue was short and wavy, and the cells were 
not numerous. Ina few areas there were strands of smooth muscle. The striated 
muscle fibers were replaced in some parts by fat.. In other areas they showed 
degenerative changes, being almost hyaline and without nuclei. 


Subsequent History—The patient was reported to be well one year after the 
operation. 


Case 7.—Diagnosis: Intramuscular hemangioma of the gastrocnemius muscle 
and calf; partial excision; not improved. 

Clinical History—A white girl, aged 14, a student, of Polish descent, had a 
personal and family history that was unimportant. In 1914, nine years before 
admission, the patient fell against a swing, injuring her leg. The leg was black 
and blue, and in a few days the condition cleared up. Two years later she began 
to limp, and the calf became enlarged. She was operated on, and a piece of tissue 
was removed and diagnosed fibroma. There was no improvement, and the child 
was taken to a second physician who advised tenotomy of the achilles tendon and 
examination of the tumor. The family refused to cooperate, and no further 
treatment was given until 1920, four years after the onset. 

Physical Examination—The examination was negative except for the leg 
affected. The left thigh was smaller than the right. The hamstring muscles were 
contracted 15 degrees. There was a large, more or less symmetrical, tumor in the 
region of the calf muscles which was painful on pressure. There was a contrac- 
tion of the achilles tendon and an elongation of all the extensor muscles of the 
dorsum of the foot. 

Urinalysis and a Wassermann reaction were negative. The blood was normal. 

X-Ray Report——Anteroposterior and lateral plates of the left leg showed a 
marked increase in both diameters of the calf. No involvement of the bone was 
noted except that there was a slight bowing of the tibula for a short distance at 
the junction of the upper and middle thirds. There were several irregular flecks 
in the calf muscles which were suggestive of myositis ossificans, but were probably 
phleboliths. A diagnosis of rhabdomyoma was made. 

Operation—On Feb. 7, 1921, Dr. Hodgen performed an operation at the 
Blodgett Memorial Hospital. A tenotomy of the left achilles tendon was done, 
and a piece of the tumor was excised for examination. The tumor looked as if 
it were composed of fatty tissue, but it was so infiltrated with muscle that removal 
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was found to be impossible. The foot was put in good position, and a plaster 
cast was applied. 

Pathologic Report (Dr. Warthin).—The piece of calf muscle showed no neo- 
plasm. It presented the appearance of fatty atrophy of the striated muscle with 
angiomatous dilatation of the vessels and some local infiltration. 


Subsequent History—After the cast was removed the foot was in good posi- 
tion, but there was still some contracture of the knee. Effort was made to have 
the child overcome this condition herself with the assistance of massage, but the 
attempt was not successful. The leg was then straigtened under anesthesia and 
a plaster cast applied. The child suffered so much pain that the cast was removed 
after one month. The tumor was reduced. A brace was then fitted to the ankle 
but the knee was not confined. 

For the following six months the child improved. She walked well although 
she always favored the left leg and sometimes complained of pain. The tumor 
was still about the same size. Radium was used without results. The mother 
reported that the child was again holding the leg stiff, and the contractures at the 
knee and the ankle were reappearing. Massage and stretching were tried, but 
these seemed to increase the difficulty and the leg was sensitive. Another x-ray 
picture showed a distinct increase in the size of the tumor. There was a distinct 
increase in the number and the size of the calcified flecks in the calf muscles. 

The patient was shown to Dr. Bloodgood, who made the diagnosis of hemangi- 
oma of the muscle and advised further treatment. Bandages were applied, but the 
child cried because of great pain. Further operation was advised but no further 
report could be secured. The child was lost track of. 


Case 7 shows clearly the difficulties encountered when these growths 
are not recognized and when radical measures are not used. 


Case 8—Diagnosis: Intramuscular hemangioma of the masseter muscle; 
excision; recovery. 

Clinical History —A white man, aged 29, a coal miner, an Italian, was admitted 
to the Union Memorial Hospital on Dec. 18, 1922. The family and past histories 
were negative. Six years before admission, while in the Italian army, the patient 
was wounded in the right jaw by shrapnel. The wound was treated in a base 
hospital for several weeks. On discharge from the hospital, the patient noted a 
lump over the angle of the right jaw. This had not increased in size and had 
never given him any trouble until one month before admission, when he began to 
have pain. The pain was in the swelling and varied in duration from a few 
moments to half a day. He went to the Johns Hopkins Hospital where operation 
was advised and x-ray photographs were taken. 


Physical Examination—The results were negative, except for the condition 
of the right cheek. There was a swelling about the sizeof a-walnut in the region 
of the angle of the right mandible. The skin over the swelling was normal. The 
tumer was soft on palpation. Buried in it were several hard nodules about the 
size of the head of a black pin. The swelling was freely movable and did not 
seem to be attached to the skin or bone. There was no impairment of function. 
The results of a urinalysis were negative. 


X-ray Diagnosis—The original report stated that there was shrapnel in the 
cheek, and the characteristic appearance of the phleboliths was missed. The plate 
was secured for this study and showed a piece of shrapnel and three phleboliths. 
The phleboliths were oval and showed characteristic concentric rings. This type 
of shadow éould not be made by iron. The bit of shrapnel was in another part 
of the head far from the tumor (fig. 4). 
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Operation —On Dec. 20, 1922, an operation was performed under gas and ether 
anesthesia by Dr. J. M. T. Finney, Jr. An incision was made along the inferior 
ramus of the right jaw from the angle anteriorly for about 3 inches (7.6 cm.). 
The dissection was then carried upward over the cheek until the tumor was seen 
and delivered into the wound. The tumor seemed to be composed completely of 
blood vessels, and much hemorrhage was encountered. Six calcareous nodules 


were removed, varying in size from that of a black pinhead to that of a pea. The 

















Fig. 4 (case 8).—1, shrapnel; 2, phleboliths. The shadows cast by the 
phleboliths are oval and show concentric rings. The operator reported that he 
removed six stones, but in the picture only three are seen. 


No shrapnel was 
located in the tumor. 


tumor was freed with considerable difficulty and was dissected up from the mas- 
seter muscle. More exposure was necessary and a second incision was made at 
right angles to the first, which extended for 2 inches (5 cm.) down the neck. 
The facial nerve was seen. The tumor was then completely excised, and closure 
was made with fine silk. A small protective drain was placed at the intersection 
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of the two incisions. The drain was removed entirely on the fourth postoperative 
day. The patient made an uneventful recovery. 


Microscopic Pathology—There was a large amount of cellular fibrous tissue 
which separated the bundles of striated muscle. Some of the muscle bundles 
showed hyaline degeneration, and in some areas fat had replaced the muscle fibers. 
There were a few endothelial lined blood spaces, but most of them seemed to lack 
endothelium, and the blood was bounded by the fibrous tissue. In this case the 
blood vessels showed a thickening of the intima. In some vessels the intima was 
three or four times as thick as the wall of the vessel and the lumen was extremely 
small, There was no cellular infiltration. 

The patient left the hospital in good condition, and no further record has been 
secured. 

Case 9.—Diagnosis: Intramuscular hemangioma of the splenius capitis and 
semispinalis capitis; excision; recovery. 

Clinical History—A white man, aged 33, an engineer, an American, was admit- 
ted to the Union Memorial Hospital on March 13, 1923. The family history was 
negative. Appendectomy with drainage had been performed in 1913; tonsillectomy 
was done in 1918. Tuberculosis was suspected in 1918. In 1914, nine years before 
admission, after raising a window on a train, he felt a sudden pain in the right 
side of the neck, and on investigation found a soft tender lump about the size of 
the end of a finger. There had been a large mass on the right shoulder for some 
years which the patient attributed to carrying a heavy transit on the shoulder. The 
soreness disappeared in a few days, and the patient was not troubled with the 
lump, which persisted. He was examined by various physicians who made light 
of the condition. A year before examination, the lump began to enlarge and 
become painful. Under the diagnosis of lipoma it was operated on five months 
before admission. A bloody tumor was found running under the clavicle, and the 
surgeon believed he had removed all of it. About six weeks later the patient 
noted that the lump began to return. It became swollen when he was lying down 
and smaller during the day when he was up. There was aching and tenderness in 
the tumor when it was swollen. It did not pulsate. It had been getting worse 
steadily, and at times became as large as a hen’s egg. Following the operation 
there was a paralysis of some of the muscles of the shoulder. The use of the 
shoulder and arm had come back almost entirely, but there was persistent pain 
under the right scapula. 

Physical Examination—On the left upper part of the chest and extending down 
the left arm to the thumb and first two fingers of the left hand, there was a 
reddish-brown birthmark, following exactly the course of the median nerve. The 
birthmark appeared as a group of small papillary purpuric spots. The color could 
not be pressed out of it. The patient said that it changed color rapidly, becoming 
purple when he was chilled or when emotionally wrought up. 

On the right side of the neck there was a scar about 4 inches (10.16 cm.) long, 
with a slight tendency to keloid formation. In the upper half of this scar a swell- 
ing was seen, which was about the size of the end of the thumb. It was soft and 
not tender. At about the center was a small hard nodule which was tender. There 
was no pulsation, no thrill and no bruit. It could not be reduced by pressure. It 
was situated in the posterior angle, and nearly over it there was a grayish-blue 
area of skin about the size of a thumb nail. During examination the tumor sud- 
denly became twice its size and then subsided. It seemed to*extend upward and 
posteriorly, disappearing under the trapezius and the deeper muscles of the neck. 
There was a definite fulness under the posterior pharyngeal wall on the right side 
which corresponded to the level at which the tumor disappeared under the muscles 
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of the neck. Urinalysis was negative. The condition was diagnosed as a thick- 
walled cyst. 

Operation—On March 17, 1923, Dr. J. M. T. Finney made an excision, using 
ether anesthesia. The old scar which ran along the outer border of the trapezius 
muscle on the right side was excised, and the sternocleidomastoid muscle was 
exposed and retracted anteriorly. The trapezius muscle was retracted posteriorly, 
which exposed the spinal accessory nerve. The tumor was now seen just under 
the trapezius and seemed to be in the belly of the splenius capitis and the semi- 
spinalis capitis muscles. It seemed to be angiomatous, and several small concre- 
tions could be felt in it. In attempting to dissect the tumor out, it was opened 
and a considerable amount of blood escaped. The splenius capitis and the semi- 
spinalis capitis were cut across well above and belew the tumor, and this section 
of the muscles was removed. All bleeding points were ligated. The tumor was 
about the size of a large walnut. An attempt was then made to establish a 
connection between this tumor and the bulging in the posterior pharyngeal wall 
on the left side, but no connection could be made out. The wound was closed. 
The patient made an uneventful recovery. 


Gross Pathology.—The specimen consisted of fat and muscle filled with hemor- 
rhage. The polychrome methylene blue (methylionine chloride, U.S.P.) frozen 
section did not show evidence of a malignant condition (Dr. Bloodgood). 


Microscopic Pathology—tThe tissue consisted of muscle, fat, fibrous tissue, 
blood vessels and blood spaces. Some of the blood spaces were lined with endo- 
thelium, others were not. They were all irregular in size and shape. Some ef the 
blood spaces rested against muscle which showed atrophic changes. One area of 
hlood was partially organized. The blood vessels had thickened walls. In some 
the intima was thicker; in others the fibrous tissue was increased. The fibrous 
stroma was extremely cellular. There were a few minute blood vessels in this 
fibrous tissue which was wavy. Fat had replaced muscle in some places, and the 
blood spaces rested against it. The whole picture was one of blood vessels and 
ood spaces in fat and muscle. There was a large amount of blood pigment 
throughout. 

The patient was discharged cured. No further report was obtained. 

Case 10.—Diagnosis: Intramuscular hemangioma of the soleus muscle; exci- 
sion; recovery. 

Clinical History—A white girl, aged 13, a school girl, an American, was 
admitted to the Union Memorial Hospital on June 17, 1928. The past and family 
histories were negative. Six years before admission, at the age of 7, while posing 
on her toes at a dancing class, she felt a sudden severe pain in the medial aspect 
of the left calf. The pain became less severe in a few minutes, and she continued 
dancing until the lesson was finished. In a few days the pain entirely subsided. 
Since that time there had been tenderness but no pain except when the area was 
palpated. Two years before admission, the parents noted that the left calf was 
smaller and that the child was gradually beginning to limp and complain of weak- 
ness in the leg. However, she indulged in athletics without any limitation of 
motion. The condition was diagnosed as hip disease and rheumatism, and various 
treatments were given without results. 


Physical Examination—The results were negative except for the condition of 
the left leg. The-left leg was symmetrically smaller than the right in circum- 
ference. There was a difference of 4 inches (10.16 cm.) in circumference in the 
calves and 4 inches in the midthigh. There was no shortening of the leg. There 
was some tenderness in the calf but no swelling. Some induration was palpable 
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in the calf, and some weakness was noted on dorsiflexion of the foot. No other 
limitation of motion was found. The diagnosis was myositis. The results of a 
roentgen examination, urinalysis and a Wassermann test were negative. 


Operation—lIn June, 1928, Dr. Baer made an operation, using ether anesthesia. 
An incision was made over the middle of the upper portion of the left leg begin- 
ning below the knee joint over the calf. The gastrocnemius muscle was exposed 
and divided, exposing the soleus muscle. A nodular swelling was found in the 
belly of the soleus muscle about 2 inches (5 cm.) long and 1 inch (2.5 cm.) wide. 
It was recognized as an angioma, and excision was attempted. There was a great 
deal of bleeding which was hard to check. The muscle was cut almost through 
below and the tumor mass was gradually removed (fig. 5). The patient became 
shocked from hemorrhage, and a subpectoral infusion of physiologic solution of 





Fig. 5 (case 10).—Photograph taken during the operation. 1, the gastroc- 
nemius is shown retracted above; 2, the tumor mass is seen drawn down by a clamp. 
The nodular appearance can be made out which is due to cavernous spaces protrud- 
ing out of the muscle; 3, the remainder of the soleus is seen from which the tumor 
mass has been partially dissected. 


sodium chloride was given. The wound was packed with iodiform gauze. The 
gastrocnemius muscle was sutured with catgut. The skin was partly closed with 
silk, and a plaster cast was applied. The gauze was removed after nine days. The 
recovery was uneventful. 


Gross Pathology—The specimen was about 3 inches (7.6 cm.) long and 2 inches 
(5 cm.) wide. It was red with bluish nodules on the surface. It had the con- 
sistency of muscle while the small nodules felt cystic. Figure 6 shows the nodular 
appearance of the surface of the growth. On section it had the appearance of a 
sponge. There were many small tubes filled with blood among the muscle fibers. 
There was no fat. One could not make out whether the blood filled tubes were 
vessels or lucunae. 
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Microscopic Pathology.—Sections showed the typical picture of angioma. There 
were lacunae of different shapes and sizes filled with normal blood. Some were 
lined with endothelium, while others appeared to have walls of connective tissue 


= 


without any lining (figs. 7 and 8). The connective tissue was loose and had scant 

















Fig. 6 (case 10).—1, muscle; 2, nodules of angioma penetrating the muscle 
tissue. These nodules looked like varicose veins and were bluish against the dark 
red of the muscle tissue. 
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Fig. 7 (case 10).—1, shows the infiltration of the angioma into the muscle. 
Many small blood vessels are present throughout the entire section; 2, near the 
center are three large vessels which have a definite increase of fibrous tissue in the 
walls; 3, in the center of the section is an area which consists of connective tissue 
enclosing normal blood; 4, the upper space shows partitions of connective tissue in 
the lacuna. 
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cells. Muscle fibers showed atrophy, but no fat was seen in this specimen. Some 
of the vessels had a thickened intima. A number appeared to have no lumina, being 
filled with the endothelial cells. There were some fibers of smooth muscle in the 


connective tissue arranged around the lacunae. There were no areas of round cell 
infiltration. 


Case 11.—Diagnosis: Intramuscular hemangioma of the serratus magnus; 
excision; recovery. 


Fig. 8 (case 10)—A higher magnification of the center of figure 7. 1, the 
loose connective tissue is seen enclosing the normal blood. There was no endothe- 
lial lining in these areas. 


Clinical History—A white woman, aged 26, a housewife, was admitted to the 
Union Mémorial Hospital on Sept. 6, 1928. The family and past histories were 
negative. Three years before admission she accidentally discovered a swelling 
below the left scapula. This occurred shortly after she had been vaccinated, and 
she consulted her physician who said that it was unimportant. The swelling 
gradually became painful and increased in size. The pain would last for a few 
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days and then subside. While the pain was present, the swelling would feel tense 
and hot. Counter irritants were applied which did not help. The swelling would 
become less tense after a few days and the pain would disappear. This continued 
for three months, gradually becoming more frequent, and the patient consulted a 
surgeon, who diagnosed the condition as lipoma and tried to excise the mass under 
local anesthesia. He encountered profuse bleeding and packed the wound telling 
her that it was a tumor of the blood vessel and that after the incision had healed 
she should go to the hospital and have the mass excised. The pack was removed 
in four days and the wound healed. She had no further pain, so she did not seek 
further treatment until one month before admission. The pain began to reappear 
and the intervals between the attacks of pain became shorter so that she had pain 
almost continuously. She consulted a surgeon in Virginia, who made a diagnosis 
of lipoma and advised removal. In the meantime, she came to Baltimore, and as 
the pain continued to annoy her, she applied for treatment. 


Physical Examination.—The results were negative, except for a slight bilateral 
enlargement of the thyroid gland. On the back just under the lower border of the 
left scapula was a scar about 2 inches (5 cm.) long. Beneath this scar there was a 
firm movable mass the borders of which were not distinctly made out. It was not 
adherent to the skin and was nonpulsating. The mass was about 8 cm. across and 
was not painful to palpation. She said that after prolonged pressure, as after lying 
on it, the mass became tender to touch. 

Urinalysis was negative. The diagnosis was lipoma. 

Operation—On Sept. 7, 1928, Dr. T. Otto made an excision, using ether 
anesthesia. The old scar was excised. As the tumor was being exposed, it was 
recognized as an angioma of the serratus muscle. The serratus was then cut across 
below and the tumor dissected up. Large veins were found in the upper end which 
were cut across and ligated with catgut. The muscle was cut across above and 
the tumor removed. Closure was made with catgut and silk. Two rubber drains 
were placed and dry dressing applied. 


Gross Pathology—The specimen consisted of a piece of muscle and fat. The 
muscle was fan-shaped, being 144 (3.77 cm.) inches across at the top and 3 inches 
(7.5 cm.) across at the lower end. It was 4 inches (10.16 cm.) long and % inch 
(1.27 cm.) thick. The striations of the muscle could be seen through the muscle 
sheath (fig. 9). On palpation a hard nodule, about the size of a lead shot, was felt 
in the lower end. The fascia was carefully removed and was found to be adherent 
to the lower end of the specimen. Here blood vessels were seen which had 
penetrated the muscle. The nodule was found to be half embedded in the muscle, 
and the fascia was removed from its surface (fig. 10). A second smaller nodule 
was then palpated deeper in the muscle and nearer the center of the specimen. On 
section the muscle was found to be infiltrated by channels containing blood, looking 
very much like a sponge filled with clotted blood. Most of the channels were 
irregular in shape and size while a few were circular and looked like blood vessels. 
The large nodule was found embedded in fibrous tissue. The smaller nodule was 
found in one of the blood filled channels (fig. 11). A roentgenogram of the 
specimen was made, and three shadows were seen. These were oval and showed 
concentric rings (fig. 12). 

Microscopic Pathology.—Sections showed cavernous spaces, which were irreg- 
ular in size and shape. Some were filled with normal blood and some were filled 
with a pale eosin-staining material which was laked blood. These spaces were 
separated from each other by cellular fibrous tissue which was wavy. Some of the 
spaces were lined with endothelium, others did not have any lining at all, the blood 
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being in contact with the fibrous tissue. Here and there were bundles of striated 
muscle lying in the fibrous tissue or in a cavernous space and being completely 


surrounded by blood. There were areas in which fat had replaced some of the 


muscle fibers in a muscle bundle. No smooth muscle was seen in the sections. 


There were a’few large blood vessels which appeared to have normal walls and 
except for their size would be normal. 


Subsequent History—On discharge, the patient did not complain of any pain 
and had no impairment of function. 


SUMMARY OF ELEVEN HITHERTO UNREPORTED CASES 


Ten cases occurred in white persons and one ina negro. This is the 
only case on record, as far as we could find, of a primary angioma of 
striated muscle occurring in a colored person. Five occurred in males and 
six in females. The ages at which the patients applied for treatment 
ranged from 12 to 69. Three were in the second decade, five in the 

















Figure 9 Figure 10 


Fig. 9 (case 11).—Gross specimen; 1, striations of muscle; 2, fascia covering 


“, 


muscle. 


Fig. 10 (case 11).—1J, striations of muscle; 2, phlebolith imbedded in muscle; 
3, cavernous angioma penetrating muscle into fascia; 4, fascia adherent to muscle. 


third decade, two in the fourth decade and one in the seventh decade. 
It is interesting to note that almost half came for treatment in the third 
decade, that is, in the twenties. Furthermore, eight came for treatment 
before the fourth decade. If the age of onset of symptoms is analyzed 
one finds that five began in the first decade, one in the second, four in the 
third and one in the seventh. We find, therefore, that although no 
patients applied for treatment before the age of 11, five were already 
aware of the presence of the tumor. A history of trauma was given in 
five cases, and no history of trauma in six cases. The chief symptoms 
were given as swelling, pain and impairment of function. In all the 
cases there was a record of swelling, or tumor formation. A history of 
pain was reported in nine cases; there was no pain in two cases. This 
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is the symptom which caused most of the patients to apply for treatment. 
In two cases, pain was the first symptom even before a swelling was 
noted. Function was impaired in four cases. In two of these cases the 
impairment of function was due to pain, while in the other two the 
tumor had caused contractures and deformities. 





2 





Fig. 11 (case 11).—1, phlebolith embedded in fibrous tissue; 2, phlebolith in a 


cavernous space; 3, fat which has replaced muscle; 4, muscle tissue; 5, cavernous 
spaces of the tumor. 











Fig. 12 (case 11).—X-ray picture of the specimen. The oval shadows are thrown 


by the three phleboliths. The concentric rings are distinctly seen in the largest 
shadow. 


Phleboliths were found in four cases ; however, in two of these they 
were not found until examination of the pathologic specimens after 


operation. In none of the cases reported was a diagnosis made because 
of their presence. 
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A correct preoperative diagnosis was made in two cases. In three 
of the remaining nine cases, a diagnosis of lipoma was made—a common 
error in diagnosis of these tumors. The other diagnoses were: malignant 
ulcer, clubfoot of cerebral origin, ganglion, rhabdomyoma, cystic tumor 
and myositis. 

The location of these tumors was as follows: five in the lower 
extremities, two in the upper extremities, two in the muscles of the head 
and one each in the muscles of the neck and trunk. Nine of the tumors 
were found in large muscles. The masseter muscle was involved twice 
and the gastrocnemius twice. The soleus, biceps brachi, triceps femoris, 
serratus magnus and adductor longus are some of the other large muscles 
that were involved by these tumors. 

The tumor was excised in nine cases. A biopsy was done in one of 
the other cases, and on the last one an amputation was performed after 
an excision. 


TABLE 2.—Classification of Cases According to Age* 





Treatment Applied For Symptoms First Appeared 
81 
52 
25 
3 
3 
0 
1 


165 


* No age was recorded in forty-seven cases. 


Ten patients were reported well and one improved. The one that 
was reported as improved was the case in which a biopsy was done to 
try to determine the diagnosis, and further treatment was not carried 
out because of lack of cooperation. 

This small series of cases runs true to the results found in larger 
series, as will be seen later in this study. 


SUMMARY OF TWO HUNDRED AND TWELVE CASES 


The following is a summary of the 212 cases collected in this report. 


Age.—In table 2 we have classified the cases according to the age at 
which the patients applied for treatment and the age at which the symp- 
toms first appeared. The ages have been divided into decades for con- 
venience. 

Of the 165 cases in which the age of onset was recorded, eighty-one, 
or a little less than half, showed symptoms before the eleventh year ; 
133, or less than three-fourths, before the twenty-fifth year, and all but 
seven before the thirty-first year. It is also interesting to note that 
whereas eighty-one gave symptoms before the end of the tenth year, only 
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thirty applied for treatment in that decade, the rest applying later. The 
majority, or 111, applied for treatment between the ages of 11 and 30. 

The symptoms appeared before the third decade in 133 cases, indi- 
cating that this growth is most common in early life. There were 
twenty-five cases in the third decade and the remaining seven occurred 
after the age of 30. Most writers up to the present time have stated 
that primary angiomas of the muscle occur chiefly between the ages of 
15 and 30. These statements are incorrect as the foregoing figures indi- 
cate. The majority of these tumors appear before the age of 20. This 
observation may be of some value in making a diagnosis. 

Sex and Race—rThe cases are about equally divided between the 
sexes, as table 3 shows. 

All the cases with the exception of seven occurred in the white race. 
Six reported by Nagatomi were among the Japanese, and one patient in 
our series was colored. It is impossible to point out any geographic 
distribution, although the literature shows most of the cases reported 
from Italy, France and Germany. More interest has probably been 
taken in this class of tumors in those countries and therefore more cases 
reported. 

TABLE 3.—Sex Incidence 


Female Not Recorded 
&4 49 


Personal history, social condition, occupation and dietary influence 
add nothing of importance to the etiology. 

Heredity plays no part in the etiology of these growths. Transmis- 
sion of primary angioma of the muscle from parents to children, or 


the occurrence of this tumor in two children of the same family, has 
never been recorded. 


Symptoms and Diagnosis—The chief symptoms are pain, swelling 
and impairment of function. There was pain in 100 of the 123 patients 
definitely reporting on the presence or absence of pain. There was no 


swelling or tumor in only three cases; function was impaired in forty- 
seven cases. 


The diagnosis is extremely difficult. The correct diagnosis was made 
in only eighteen of the 212 cases tabulated. This is probably due to 
the inaccessibility of this type of tumor. 


Site-—The location of these tumors was found to be as shown in 
table 4. On further subdivision we find that the seventeen cases involv- 
ing muscles of the head, the masseter was involved alone in nine cases, 
with the buccinator in one case. The muscles of the eyes were involved 
in three cases and the temporal muscle and the muscles of the tongue 
in two cases each. All questionable cases of the tongue were eliminated. 
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Of the muscles of the trunk, the latissimus and the trapezius were 
involved in twenty cases, the remaining thirty-seven being distributed 
among all the other muscles. In the upper extremity, fifteen cases were 
in the arm, twenty in the forearm and ten in the hand. It is interesting 
to note that, of the fifteen cases occurring in the arm, the triceps was 
involved alone in eight and with other muscles in two cases; the biceps 
was involved alone in the remaining five cases. In the lower extremity 
fifty-two were in the thigh, forty in the leg and ten in the foot. The 
quadriceps femoris and the vastus internus were involved in sixteen cases 
sach, making thirty-two of the fifty-two cases. The gastrocnemius was 
reported alone in ten and with other muscles in eight cases, accounting 
for eighteen of the forty cases. 


TABLE 4.—Location of Tumors 


Muscles of head 
Muscles of trunk 
Muscles of upper extremity . 
ee Oe Sits v5 on sn nimi dad ecc gt cetbiacressivecess 
Muscle not given 


TABLE 5.—Treatment Employed and Results Obtained 





Total excision and recovery 

Total excision with no statement of outcome 

Partial excision with recovery 

Partial excision repeated for recurrence and recovery 
Partial excision with later amputation 

PE I I ea wha 6 Fahne 6 oh os bs 4 dhe genceesceess 
Electrolysis and improvement 

Cauterization and improvement 

Biopsy and no improvement 

Treatment not stated 


~7I ol 
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The lower extremity, therefore, is the chief site of these tumors. We 
further noted that the large and powerful muscles were most commonly 
affected. The masseter, latissimus dorsi, trapezius, triceps brachialis, 
biceps brachialis, quadriceps femoris, vastus internus and gastrocnemius 
accounted for ninety-five cases. No doubt motion plays a big role in 
the growth of the tumor, and the impairment of motion in any of these 
larger and more important muscles is of vital importance to the patient. 
Perhaps that is the reason why these patients came for treatment, while 
many others in less important muscles were not troublesome and so were 
passed unnoted by the patient. 

Treatment and Result—Table 5 shows the type of treatment 
employed and the results obtained. It is evident that excision of the 
growth is sufficient to insure a cure providing the excision is complete. 
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CONCLUSION 


Primary angiomas of striated muscles are no longer rare tumors, as 
is indicated by the 212 cases here collected. It is a slow growing tumor, 
congenital in origin with trauma playing a role more in its growth 
than in its origin. It occurs about equally in both sexes. The age of 
onset is before the twenty-first year in the great majority of cases, the 
largest number occurring before the eleventh year. They may occur in 
any striated muscle. The lower extremities are most commonly affected 
and the upper extremities are next. The large and more powerful mus- 
cles are involved most frequently. The size of these tumors ranges 
from that of a nut to that of a small pumpkin. The muscle involved 
plays.a passive role. The chief symptoms are pain, swelling and func- 
tional impairment, although any one or all may be lacking. The skin 
is usually normal. The tumor may be compressible and change in size 
with changes in posture. It is usually soft but may be hard, smooth 
or lobulated, movable or fixed, circumscribed or diffuse. The diagnosis 
is difficult. Aspiration of normal blood is a valuable aid. The x-ray 
pictures may be of assistance when phleboliths are present. The 
existence of simple angiomas is questioned, and the cavernous type is 
considered the only one found in striated muscle. On section it has the 
characteristic appearance of a blood filled sponge. There is no particular 
afferent or efferent vessel. Microscopically, the typical picture is that of 


blood filled spaces, containing normal blood, which either are lined by 
endothelium or have walls composed of fibrous connective tissue. Some 
smooth muscle is seen in the connective tissue. The vessels may have a 
thickening of the intima or of the adventitia. The muscle fibers show 
degeneration ranging from hyaline to fat replacement. The only treat- 
ment of value is excision. The prognosis is excellent. 








OPERATIVE SURGERY OF THE HIP JOINT* 


ASTLEY P. C. ASHHURST, M.D. 
PHILADELPHIA 


My personal experience in the operative surgery of the hip joint 
extends over more than twenty years, and comprises more than 100 
operations ; these are summarized in table 1. Of these, eighty-six were 
in the nature of reparative or reconstructive operations, while only sev- 
enteen can be classed as destructive, such as those listed as “excision,” 
for acute osteomyelitis or for tuberculosis with secondary infection. I 
have omitted amputations at the hip joint. 


TABLE 1.—Summary of Operations (to April 1, 1929) 





Operation ‘ Deaths 


LARS V...ccnk 006090 dqaubeuwaeachneatineden 5 0 
Arthroplasty 0 
Bone peg gf 0 
IR no 5 son cb 40600 Cee eear bene eee 0 
Oapsulorrhaphy { 0 


Bhi" ° §1. Tuberculous meningitis 
Excision 2 (2. Acute osteomyelitis 
Open reduction { (Shock) 

Osteoclasis (Anzoletti) . 
Osteotomy f (Status lymphaticus) 
Reconstruction p (Uremia) 

Transfer of tensor fasciae i 





It is my purpose to discuss: (1) the indications for the various 
operative procedures, (2) the technic of the operations and (3) the 
results. 


INDICATIONS FOR THE VARIOUS OPERATIVE PROCEDURES 


Arthrodesis —Arthrodesis is the operative production of ankylosis, 
in the effort to improve function. Its main indication is found in cases 
of flail-joint due to anterior poliomyelitis. Fortunately, there are not 
many patients in whom residual paralysis leaves one or both hips in a 
flail-like condition, and even under these rare circumstances it is neces- 
sary that the patient’s spinal and abdominal muscles be sufficiently 
strong to be able to control the lower extremity through the pelvis after 
the femur has been fixed to the latter. It would be as useless to produce 
ankylosis between the femur and the pelvis when the latter could not 
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be controlled by the patient as to do arthrodesis of the shoulder when 
the muscles running from the trunk to the scapula were powerless to 
move the latter. 


Arthrodesis of the hip has also been recommended to abolish pain in 
cases of hypertrophic arthritis. I have adopted it only once in such a 
case, and I believe that the modern reconstruction operation is more 
efficient. I attempted once also to produce ankylosis in a case of neuro- 
pathic arthritis (Charcot joint) at the hip, but without success; I doubt 
whether any operation on a Charcot hip is advisable. 

Arthroplasty —By arthroplasty is implied an operation designed (by 
means of the interposition of soft tissues between the bone ends) to 
restore motion to a joint which is ankylosed. When applied to the hip 
joint (Neélaton) it is necessary, in my opinion, for the surgeon to con- 
vince himself concerning the following points: 1. The patient is suffi- 
ciently incommoded by the ankylosis which is present to justify a serious 
operation which does not always ensure both free motion and stability ; 
in other words, the operation may result in too great mobility with 
instability, or it may result in recurrence of ankylosis. 2. The ankylosis 
is not due to pyogenic organisms or to tuberculosis, since such an opera- 
tion in such a case may rouse dormant infection and hence fail to 
improve the patient’s condition. 3. Approximately the normal form of 
the head and neck of the femur has been preserved; in other words, 
ankylosis has developed without destruction of bone. 


From the foregoing paragraph it will be seen that I regard the indi- 
cations for a typical arthroplasty as extremely limited ; indeed, since the 
better development of the technic of “reconstruction of the hip,” as 
improved by Whitman, Gill and others, the indications for typical arthro- 
plasty have almost disappeared. I have seen no patient since 1920 in 
whom I thought it could be employed with advantage. I have adopted 
the typical operation, much as described by John B. Murphy, only eight 
times: twice for pathologic dislocation (for which the reconstruction 
operation is undoubtedly better) and six times for bony ankylosis. In 
four of the six cases of bony ankylosis the postulates enumerated were 
present—two cases of bony ankylosis following gonococcic arthritis and 
two cases following arthritis from unknown metastatic infection almost 
certainly not pyogenic. In cases of ankylosis due to pyogenic infection, 
such as healed osteomyelitis, I believe that a formal arthroplasty is too 
apt to stir up the old disease, and that for such cases, even if there has 
been little destruction of bone, as well as for cases of pathologic dislo- 
cation, the operation of reconstruction is safer and gives better results. 


Bone Peg—For ununited fracture of the neck of the femur, the 
bone peg method of fixation is inferior, I believe, to the typical recon- 
struction operation of Whitman. I have employed it only five times, 
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and have not always found it easy to place the bone peg in the correct 
axis of the neck and head of the femur, so as to fix both fragments. 
For the last ten years, I have abandoned this operation. 

Bone Implants—l1 have included in table 1 one operation for exten- 
sive fibrocystic disease of the trochanteric region and neck of the femur, 
in which I placed massive transplants from the tibia into the cavity left 
by clearing out the diseased tissue. 


Capsulorrhaphy.—In three cases of recurrent paralytic dislocation of 
the hip due to anterior poliomyelitis, I secured complete relief from the 
disability by opening and overlapping the distended capsule, dressing the 
limb in plaster of paris in the abducted position. The patients were 5, 
11 and 17 years of age, respectively, at the date of operation. By the 
use of proper after-treatment (apparatus, gymnastics) the muscles, the 
weakness of which formerly permitted recurrence of the dislocation, 
developed sufficiently to secure good stability and to maintain reduction. 
All the dislocations were upward and backward. In hips which are 
entirely flail, and which are suited therefore for arthrodesis, there are 
no muscles strong enough to produce dislocation. The occurrence of 
paralytic dislocation requires complete or almost complete paralysis of 
the gluteus medius, with the hip held in flexion, adduction and internal 
rotation by the nearly or entirely intact antagonists. 


Excision—More or less of the upper end of the femur and some- 
times also portions of the acetabulum are removed. As already indi- 
cated, this is, strictly speaking, a destructive operation, although it is 
done in the effort to save the patient’s life by disinfection of the joint 
in cases of (1) acute osteomyelitis which has invaded it; (2) in cases 
of tuberculosis of the joint with secondary infection in children; or (3) 
even in early stages of tuberculosis of the hip joint in adults. I have 
also employed it in a few cases of nonunion, as advised by Lambotte. 


Open Reduction.—Open reduction is applicable to congenital dislo- 
cations in those patients (1) in whom closed reduction and proper main- 
tenance have eventually given rise to recurrence of the dislocation, or 
(2) in whom reduction by the closed method proves impossible. When 
open reduction is possible without undue trauma, it is possible to prevent 
its recurrence by a plan originally suggested by Albee, which consists 
in turning down, above the acetabulum, a roof of bone which deepens 
the cavity; this method has been employed by Lance, Ombredanne 
and others, and has been systematized and popularized by my former 
assistant and present colleague, Prof. A. Bruce Gill. As Gill pointed 
out, congenital dislocations fall into three types: (1) the subluxation 
type, in which the head is too large for the acetabulum, and in which 
recurrent but easily reducible luxation may occur ; (2) cases of complete 
dislocation reducible only by the open method, but without the use of 
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great force, and (3) cases in almost all patients over 10 years of age 
in whom even with open operation it usually proves impossible, or pos- 
sible only by unjustifiable force, to replace the head in the acetabulum. 
For the patients in the first and second categories, open reduction is an 
excellent operation, especially when Gill’s roof of bone is made; but for 
most patients over 10 years of age persistance in attempts at reduction 
not only may entail severe shock,’ but even if reduction is secured and 
maintained, the hip is apt to become the seat of ankylosis in bad position, 
this position having been adopted at the time of operation because the 
most stable position for maintenance of reduction. Hence for the latter 
patients the operation of reconstruction is preferable, and I have lately 
abandoned open reduction for any but patients in the first and second 
classes. 

Osteoclasis (Anzoletti)—The method of osteoclasis described by 
Anzoletti consists (1) in inducing rarefaction of bone and absorption 
of its salts by keeping the parts immobilized in closely fitting gypsum 


TABLE 2.—Conditions in Which Osteotomy Was Used by Author 








Through the neck 


eae Sh, Dh ah otis ensaWch os gedecck ak heeunie aaeca 6 
Se I TD 055 tten ged dh ba codebe repens Ges seeenteend 3 
For coxa vara (fracture in infancy 7)..................ee000s anak e 
as on tcc taatubaain cnet encincsbaiqsdeeeeunovee™ 2 
ee Ns is lg er ood tiedeercectesg ee cenaeewses 9 
Open, for coxa vara (fracture in infancy)....................ee0e 1 
Open to overcome outward rotation. .............cccccceccceccscees 3 
Subcutaneous (Adams-Gant) for tuberculous ankylosis........... 3 
RE? MINED 2. bs badonnec cil tath ss cdewe ovtcinns das biensese cect 1 
For flexion deformity (tuberculous, without ankylosis).......... 1 





cases, aided by low diet, for a period of four or five weeks; (2) in 
molding by hand, without any anesthetic, the softened bones until their 
deformity is corrected, and (3) in fixing them in the overcorrected posi- 
tion, feeding the patient a highly nutritious diet, and encouraging active 
use of the limbs as a stimulus to the deposit of lime salts. It is a method 
which is particularly applicable to the deformities of rachitis in patients 
less than 3 years of age, and I have employed it in a number of such 
cases (bow-legs, knock-knees and especially “corkscrew” deformities of 
the lower extremities) with satisfactory results. In only one patient 
have I adopted it for bilateral rachitic coxa vara. The improvement in 
this child, while gratifying and sufficient, was not as marked as may be 
obtained by osteotomy; in very young children with coxa vara (up to 
about 3 years of age), Anzoletti’s method may be considered a worthy 
substitute. 


Osteotomy.—I have adopted osteotomy at the hip in fifteen cases 
(table 2). 


1. I have to record, as due to operative shock, the only death I have had in 
an open reduction. 
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The operation through the neck is best done by open incision, to 
ensure that the section is made at the correct location and in the proper 
axis. In the three patients with slipping epiphysis (Dilkes, aged 13; 
Saloner, aged 14, and Povernick, aged 13), I did a cuneiform osteotomy 
through the neck as near as possible to the site of fracture or to the 
recently united epiphyseal line. In one patient (Sonak, aged 10), with 
coxa vara probably from fracture of the neck in infancy, I also did an 
open cuneiform osteotomy of the neck. In one patient (Santangelo, 
aged 714 years) with unilateral coxa vara, from fracture in infancy, I 
did a subtrochanteric cuneiform osteotomy, because the deformity was 
not in the neck itself, but consisted merely in a change of axis between 
shaft and neck. In two patients with bony ankylosis in bad position 
(Ford, aged 12, with coxa vara from osteomyelitis, and Hackett, aged 
19, with ankylosis in marked external rotation from pyemia), I also did 
osteotomy through the neck, as the disease had been healed so long that 
there seemed little possibility of relighting of the infection. 

I have adopted the operation of osteotomy below the trochanters nine 
times, four times by open incision and five times subcutaneously. 


1. The open operations were one for coxa vara (Santangelo, aged 
74 years), previously referred to, and three to overcome outward rota- 
tion (Bitto, aged 11, from infantile paralysis; Remley, aged 13, four 
years after closed reduction of a congenital dislocation, and Wenick, 
aged 13, with bony ankylosis following osteomyelitis). In none of 
these three patients did I wish to attack the neck directly, because in 
two the joint was normal and in the third I feared to relight the osteo- 
myelitis. 

2. The subcutaneous operations include three (Devine, aged 14; 
Dolan, aged 13; Shaffer, aged 16) for tuberculous ankylosis, one 
(Walker, aged 12) for bony ankylosis from osteomyelitis, and one 
(Quinn, aged 17) for flexion deformity without ankylosis, the result of 
tuberculous arthritis. I believe that subcutaneous osteotomy below the 
trochanters is a satisfactory operation for healed tuberculous ankylosis 
in bad position, but that if any operation is to be done when there are 


open sinuses or not very firm ankylosis, a reconstruction operation is 
preferable. 


Reconstruction.—This is the operation that is most widely applicable 


for relief from disability at the hip joint. Table 3 includes twenty- 
seven such operations, which may be placed in the categories tabulated. 

The method of reconstruction I have employed is essentially that of 
Whitman, consisting in temporary detachment of the great trochanter 
(with the muscles inserted into it) and its reattachment on the outer 
surface of the shaft after the stump of the neck has been thrust into 
the acetabulum previously cleared of its contents (remains of head, scar 





92 ARCHIVES OF SURGERY 


tissue, etc.). My first operation of this nature was done in October, 
1914, but I did not realize the advantages of systematically reattaching 
the detached trochanter until after the publication of Whitman’s paper 
in 1921. In my early operations, the head and neck were absent, so I 
merely cleared the trochanter subperiosteally, beveled the upper end of 
the femur into a point and thrust this pointed end into the acetabulum. 
somewhat after the manner of Krause and of Sprengel. If for any 
reason the end of the shaft or neck cannot be brought into the old acetab- 
ulum, as in some cases of congenital dislocation in adults, a new 
acetabulum is made at a suitable site and, when needed, a roof is formed 
for the too shallow acetabulum (old or new) by turning down a bone 
flap from the pelvis over the head, as recently described by Gill. In 
my first operation by this method of reconstruction in 1914, I secured 
a very good roof for the head from proliferation of bone where the 
pelvis was gouged out to deepen the old acetabulum. 


TaBLe 3.—Reconstruction Operation in Twenty-Seven Cases 





Tuberculosis 

Fibrous ankylosis 

Pathologie dislocation ‘ 
Pathologie dislocation from old osteomyelitis.......................0000- 
Dislocation, congenital 
DS oss chvweseileharebmhghelelee<sachumn si Gabe stbutcehanacde 
Nonunion of neck 
Arthritis, dystrophic 





The operation of reconstruction is the most efficient method that 
surgery affords in the treatment for pathologic dislocation, whether 
tuberculous or septic in origin. The head of the femur usually is 
deformed if not entirely destroyed in these cases, and without the 
method described by Whitman, which serves to lengthen the neck, or 
the method employed by Gill, which deepens the acetabulum, it would 
be impossible to secure a stable joint. I have not hesitated to employ 
the operation in the presence of unhealed sinuses in either type of 
disease, but only in cases in which the infection is dormant. In the 
case of active infection I should prefer to temporize or to do an 
excision; if the result of the latter is unsatisfactory, a reconstruction 
operation may be done later. For fibrous ankylosis in bad position, of 
tuberculous origin, I prefer reconstruction to osteotomy, reserving the 
latter operation for tuberculous ankylosis which appears to be bony. In 
cases of dystrophic arthritis (hypertrophic or atrophic) my experience 
is so far too limited for me to express a decided opinion; but I believe 
that for otherwise robust and not yet senile adults with hypertrophic 
arthritis attended by much pain which is uncontrollable by walking appa- 
ratus, treatment by reconstruction should offer a satisfactory prognosis. 
In cases of the atrophic type, however, which usually are polyarticular, I 
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doubt that reconstruction of the hip will prove as useful as excision, 
permitting dorsal dislocation of the trochanteric fragment ; these patients 
usually are so frail that they cannot well endure the prolonged fixation 
which a reconstruction operation requires, nor will the condition of their 
other joints allow them much use of the hip. For congenital dislocation, 
especially in older children and adults, I am using more and more some 
form of reconstruction operation rather than making persistent attempts 
to restore the intact but usually deformed head to an acetabulum too 
small or too low for it. I have already discussed this question under 
the heading of “open reduction” of congenital dislocation of the hip. 
In one case of coxa vara adolescentium (slipped epiphysis), that of a 
fat boy, aged 14 (Zeller), I adopted reconstruction rather than 
osteotomy because the head of the femur was so deformed and because 
the acetabulum was beginning to wander. In nonunion of the neck of 
the femur, I have abandoned the use of the bone peg in favor of 
reconstruction for any patient who will endure the necessary post- 
operative fixation. For the old and feeble, as already stated, I prefer 
simple excision of the head. 

Transfer of Tensor Fasciae Femoris——The late Gwilym G. Davis, 
my former chief, proposed and described the transfer of the tensor 
fasciae femoris as a remedy for paralytic outward rotation of the femur. 
This operation was later described by Legg. The tensor fasciae, of 
course, must not be paralyzed itself if the transfer is to be of any value; 
it is cut from its insertion in the fascia lata, and, with its nerve supply 
intact, is attached to the great trochanter. Thus it supplants the action of 
the gluteus medius, which is the main internal rotator of the hip. In cases 
of paralytic outward rotation in which the tensor fasciae is not intact, 
a certain improvement may be obtained, as pointed out by Davis, merely 
by attachment of the fascia lata to the great trochanter by means of 
sutures, while the limb is held in internal rotation. 


TECHNIC OF OPERATIONS ON THE HIP 


Exposure of the Hip: Lambotte’s Incision (fig. 1).—The incision 
passes from the anterior superior spine to the great trochanter, dividing 
the tensor fasciae femoris obliquely across its fibers; the incision is then 
continued downward and forward through the fascia lata. The triangu- 
lar flap of muscle and fascia is turned forward, and the neck of the 
femur is exposed between the long tendon of the rectus medially and 
the anterior free borders of the gluteus medius and minimus laterally. 

This incision gives excellent exposure of the femoral neck and 
great trochanter and fair exposure of the acetabulum. It gives oppor- 
tunity for dependent drainage at its angle, near the great trochanter. 

This procedure is suitable for: (1) acute osteomyelitis invading 
the hip joint, (2) tuberculosis of the joint, (3) simple excision of the 
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head (nonunion, hypertrophic arthritis, etc.) and (4) reconstruction 
in the presence of a normal acetabulum. In cases of congenital dis- 
location it is an incision difficult to suture when the limb is in the “frog- 
position.” If it is desirable to make a roof for the acetabulum, 
Lambotte’s incision is inferior to Smith-Petersen’s. 


Langenbeck’s Incision.—This is a straight incision, centered on the 
great trochanter, made in the direction of the fibers of the gluteus 
maximus, while the hip is flexed about to 135 degrees. The muscles 
are detached subperiosteally from the great trochanter, and the posterior 
surface of the neck is exposed. 

















Figure 1 Figure 2 


Fig. 1—Lambotte’s incision for operations on the hip. This photograph was 
made eight years after excision of the .hip for active tuberculosis. See also 
figures 13 and 14. 


Fig. 2.—Ollier’s incision (modified). 


Neither this incision nor any other approaching the neck from 
behind (such as Heyfelder’s) is much used in modern surgical pro- 
cedures. In extremely septic cases of tuberculous arthritis these pos- 
terior incisions give sufficient exposure for excision of the upper end 
of the femur, and they afford direct dependent drainage, but they 
give inadequate exposure of the acetabulum. 


Modified Ollier’s Incision ( fig. 2).—The incision is U-shaped, with its 
rounded curve well below the great trochanter and its two arms extend- 
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ing upward toward the anterior and posterior superior spines of the 
ilium; the anterior limb of the incision passes between the sartorius 
and the tensor fasciae, while the posterior limb runs parallel with the 
fibers of the gluteus maximus, near the anterior border of this muscle. 
The skin and fat are raised in one piece with the underlying fascia lata 
and tensor fasciae muscle. Then the great trochanter is detached, and 
the gluteus medius and minimus muscles are raised with it and turned 
upward and forward. The gluteus maximus is not disturbed. This 
is the incision adopted by Murphy for arthroplasty, and this operation 
is the main indication for its employment. 


Smith-Petersen’s Incision? (fig. 3).—The incision passes along the 
anterior third or half of the iliac crest to the anterior superior spine, 
thence downward to a point below the level of the great trochanter, 
between the sartorius and tensor fasciae. The gluteus medius and mini- 


Fig. 3—Smith-Petersen’s incision. 


mus muscles and the tensor fasciae are cut across below their origins from 
the ilium, and are then detached subperiosteally from the wing of the 
ilium, exposing the acetabulum from above. Should better exposure 
of the great trochanter be desired, the lower end of the incision may 
be continued backward beneath the trochanter, as in Whitman’s incision, 
to be described. 

This incision gives the best possible exposure of the upper border 
of the acetabulum and of its cavity. It is the best incision for open 
reduction of congenital dislocation of the hip and for those operations 
of reconstruction in which it may be desirable to increase the depth of 
the acetabulum by turning down above it a bone flap from the side of 
the ilium. The incision in the skin being entirely anterior, it is easily 
repaired even when the limb is in the so-called “frog-position.” I have 
had one case, however, in which it was impossible to close the soft 


2. This is a modern edition, with improvements, of the incision long known by 
the name of Sprengel. 
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parts after putting the limb in the frog position, except by bringing the 
skin from the abdomen down as a curtain over the gap left below the 
ilium, leaving a considerable hollow space beneath the skin to be filled 
with blood clot. Healing, however, was uneventful. It is not a suitable 
incision for septic cases in which drainage is required, and I should 
hesitate to employ it in the presence of many old sinuses.* 


Whitman’s Incision—Whitman’s incision passes from the anterior 


superior spine downward, then curves backward below the great tro- 
chanter, where it ends, having completed half a U. It thus resembles 





Fig. 4.—Attachments of muscles around the acetabulum, showing the approach 
from above, through Smith-Petersen’s incision. 


the anterior part of Ollier’s incision. Whitman next described the 
exposure of the capsule through the interval between the tensor fasciae 
and the gluteus medius. Surely it is better to incise the fascia lata 
between the sartorius and the tensor, and to turn back the latter, with 
intact nerve supply; I have employed this modification in several cases 
with satisfaction. It provides better exposure of the acetabulum than 
does the method originally described by Whitman. 


3. An incision, merely along the crest of the ilium, has served me well, how- 
ever, in cases of extensive necrosis, requiring removal of the ilium down as far 
as the acetabulum. 
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This incision (especially if the modification I have suggested is 
adopted) is admirable for all simple reconstruction operations, as it 
exposes adequately the neck and trochanteric regions. If desirable it 
can be converted into Smith-Petersen’s incision by continuing the skin 
incision backward from the anterior superior spine along the crest of the 
ilium, and detaching the tensor fasciae and the gluteal muscles from the 
pelvis, as previously described ;* or, by continuing its lower end back- 
ward and then upward, it may be extended into Ollier’s incision. 


Opening of the Capsule—Once the anterior surface of the neck 
is exposed, the surgeon identifies the rim of the acetabulum. I prefer 
to open the capsule along the upper surface of the neck, from acetabu- 
lum to great trochanter, and then to detach the capsule from the anterior 
intertrochanteric line. The flap thus made is reflected medially, expos- 
ing the neck and head of the femur. 


Exposure of the Acetabulum.—1. If the head is still attached to the 
neck, and there is no ankylosis, it is delivered by gradual but per- 
sistent outward rotation of the femur, with the knee flexed, and with 





Fig. 5.—Esmarch’s gouge, fitted with a long handle. Useful in delivering the 
head of the femur from the acetabulum, and in modeling the head and deepening 
the actetabulum. 


the thigh in increasing degrees of adduction. In the intact hip joint 
it is difficult to deliver the head until the cotyloid ligament has been 
freely divided on the head and right up to its pelvic attachment; air 
then enters the capsule, and the force of atmospheric pressure is 
removed. Usually it is necessary to aid dislocation of the head by 
cutting the ligamentum teres by means of a gouge (such as Esmarch’s ; 
fig. 5) or by Lambotte’s spoon. To bring the dislocated head well out 
of the acetabulum, it is necessary to carry the foot of the diseased limb 
up onto the pelvis or abdomen of the patient, with the thigh in marked 
external rotation and adducted rather than abducted. This brings the 
empty acetabulum to view. 

During these manipulations, great care should be taken not to frac- 
ture the femur nor (as happened once in my hands) to detach its 
lower epiphysis. 


2. If the head is already absent, it is much easier to expose the 
acetabulum. 


4. This converts it into an approach to the hip-joint similar to that described 
by Dupuy de Frenelle. 
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3. If there is a fracture of the neck and the head remains in the 
acetabulum, even after the stump of the neck has been delivered into the 
wound, it is more difficult to extract the head; by the use of Esmarch’s 
gouge, however, it is usually possible to secure its delivery, after cutting 
of the ligamentum teres. I have found Lambotte’s spoon and cork- 
screw not as useful for this purpose as the large gouge. 














Fig. 6.—Bony ankylosis of the hip from metastatic arthritis (adduction and 
slight flexion) ; preservation of normal bone contours makes arthroplasty suitable. 
See figures 7 and 29 for condition after operation. 


4. In cases of ankylosis, the surgeon proceeds as will be detailed in 
the description of arthroplasty. 

Closure of the Wound.—1. In clean cases it is desirable to repair 
the capsule by reattaching the inferior border of the reflected flap to 
the fascia along the anterior intertrochanteric line, and by suturing the 


posterior margin of the capsule flap to the upper cut border of the 
capsule. 
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The various muscles and the fascial layers are then repaired with 
buried sutures, and the skin edges are accurately closed with chromicized 
catgut without drainage. 

In most clean cases a plaster of paris dressing is applied; before 
the operation is begun, the patient should be put on a table with suitable 
provision for such a method of fixation. 


a at ieee ba et a 2 oe 


a 








Fig. 7—Hip shown in figure 6, five weeks after arthroplasty. See figure 29 for 
range of motion one year after operation. The screw remains in place nine years 
after operation. (Arthroplasty, case 8.) 


In seventy-four operations on the hip joint, without sinuses at the 
time of operation, I have had clean healing in seventy. In two cases of 
tuberculosis a sinus formed after operation, and was slow in healing; 
in one case, in which there was a recently healed sinus from osteo- 
myelitis, a sinus remained for some months in the operative scar, and 
in the fourth case, a hematoma broke into the incision on the tenth 
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postoperative day. If the former three cases are omitted because of 
potential infection before operation, there are seventy-one operations 
on the hip joint, with only one complication of the wound (discharge 
of a hematoma). 

2. In septic cases the capsule should not be sutured, and the soft 
parts should be closed only in part, and not too tightly ; drainage should 











Fig. 8.—Acute osteomyelitis of the femur invading the left hip-joint: Edward 
Vedro, aged 12. From roentgenogram made on July 28, 1919, three weeks after 


drainage of abscess in the adductor region, by another surgeon. See also figures 
9, 10, 11 and 12. 


be provided at the most dependent portion of the incision, or if neces- 
sary by a counterincision. However, I have had uneventful healing 
in all cases of Lambotte’s incision, without the use of a counterincision. 

Arthrodesis——I have employed several different methods of arthrod- 
esis: 1. In two cases I did Albee’s operation (cutting off the upper 
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surface of the head, and cutting a slice from the upper surface and 
rim of the acetabulum, bringing these two raw surfaces in contact), 
but succeeded in obtaining ankylosis in only one patient. 


2. In one case, after denuding the head and acetabulum of cartilage, 
I simply fixed the hip in plaster of paris. As ankylosis did not result, 
I operated on the same patient again nearly four years later; this 
time I transfixed the neck, head and pelvis by two autogenous bone 
pegs; firm ankylosis resulted. 


3. In one case I denuded the head and acetabulum of all cartilage, 
and fixed the femur to the pelvis by Lambotte’s self-boring screws ; 
bony ankylosis developed.*® 

The difficulty I have found is in keeping the head and acetabulum in 
contact during application of the fixation dressing; for this purpose, 
in my last case, I employed screw fixation, with success. ) 

The exposure of the joint is not difficult, especially in cases of 
infantile paralysis, in which the muscles are atrophied. I have used 
Lambotte’s incision, or simply the upper limb of it, an anterior incision 
between sartorius and tensor fasciae or Smith-Petersen’s incision. Of 
these various approaches, I prefer Lambotte’s. 


Arthroplasty —Little need be added to Murphy’s original descrip- 
tion of arthroplasty. I have found the modification of Ollier’s incision 
sufficient without adding, in my later operations, the “stem of the goblet” 
recommended by Murphy. The skin and fat are dissected peripherally 
in all directions so as to expose a still larger area of fascia lata. This 
structure, including the tensor fasciae, is then incised at the limits 
exposed and is raised along with the overlying flap of skin and fat, 
not being detached from its covering until it is needed toward the end 
of the operation.*® 

The anterior border of the gluteus minimus and the posterior 
border of the gluteus medius are next defined, and the great trochanter 
is detached with a chain or wire saw, or, as is often easier, with an 
osteotome and mallet. A large section, preferably all, of the great 
trochanter should be detached, carrying with it the muscles which. 
insert in it; however, it is not worth while to spend too much time 
trying to identify the smaller muscles. The anterior surface of the 


5. I may include under the heading arthrodesis, one case of screw-fixation 
of a recent intracapsular fracture of the femoral neck, in a patient with flail-limb 
from infantile paralysis ; bony union was obtained in the fracture, and considerable 
limitation of motion in the hip-joint, greatly improving the function (see case 5, 
under results of arthrodesis). 

6. I have used a free flap of fascia lata in two cases only, neither operation 
giving a satisfactory result. Although others have had success with the use of 
free flaps, I should prefer, were I to do the operation again, to use the pedunc- 
ulated flap, as described by Murphy. 
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section passes between the attachments of the gluteus minimus and the 
vastus lateralis. The gluteus maximus is not disturbed. The musculo- 
fascial flap, with the trochanter, and still attached to the overlying skin, 
is then turned upward and forward, exposing the neck of the femur. 
This exposure is designed to preserve intact the nerve supply of these 
important muscles; the gluteus minimus, gluteus medius and tensor 
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Fig. 9—Edward Vedro, aged 12, on Sept. 8, 1919, six weeks after excision of 
the left hip for acute osteomyelitis: very little bone regeneration. Good position 
was maintained by weight extension. 


fasciae are supplied by the superior gluteal nerve which leaves the 
pelvis above the pyriformis, while the gluteus maximus is supplied by 
the inferior gluteal nerve emerging below the pyriformis. 

The remains of the capsule, usually densely adherent, are then 
detached from the neck, and the junction of the latter with the border 
of the acetabulum is identified. The bony union is then separated by 
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means of a large gouge; that known in the shops as Esmarch’s is 
excellent for the purpose, especially if a longer handle is provided 
(fig. 5). I have used the same gouge for fifteen years with satisfaction : 
it measures 34 mm. from side to side,’ and its curve is about the same 
as that of the normal head of the femur; its cutting edge is beveled on 
its convexity, thus assuring the excavation of the acetabulum with 














Fig. 10.—Edward Vedro, aged 12, on Oct. 14, 1919, eleven weeks after excision 


of the left hip for osteomyelitis: considerable regeneration of bone, taking the 
form of the trochanters, neck and head. 


little risk of perforation of the pelvis. Care should be taken not to cut 
the head of the femur too small, as it is gradually outlined by the gouge 
(fig. 6). Should it be cut too small, it will prove less stable, and the 
acetabulum will therefore have to be enlarged and deepened; this in 
turn will make the head relatively still smaller. If precautions are 


7. Smaller sizes are available for children. 
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Fig. 11—Edward Vedro, aged 22, on March 25, 1929: good regeneration of 
bone ten years after excision of the left hip for acute osteomyelitis. See also 
figures 8, 9, 10 and 12. 








Fig. 12—Edward Vedro, aged 23, ten years after excision of the left hip for 
acute osteomyelitis: good station, slight limp, flexion to 135 degrees, full extension, 
rotation very limited, no disability. (Same patient as in figures 8, 9, 10 and 11.) 
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taken to cut the head amply large in the first place, the surgeon can 
afford to sacrifice some of its surface in remodeling it, if it is not of 
proper shape when formed. There is little danger of cutting too 
deeply into the pelvis with this gouge, as the pelvis is much thicker 
in this region than is usually realized. Even should the base of the 
acetabulum be perforated, as occurred to me in one case (of reconstruc- 
tion of the hip), no harm need result. After almost all the bony 
ankylosis has been divided by the gouge, it usually will become possible 
to break the remaining fibers by gentle manipulation of the femur, taking 
care, of course, not to fracture the bone elsewhere than at the joint level. 
The head, finally freed from the pelvis, is luxated anteriorly as already 











Fig. 13.—James Fleet, aged 37, on Feb. 2, 1927, eight years after excision of 
the left hip for acute tuberculosis with sinus. See figure 14. 


described and is modeled to proper shape, and the acetabulum is 
reamed out so as to accommodate it securely and without any tension, 
leaving room for the interposition of the flap of fascia lata. I have 
not had as much satisfaction from the use of Murphy’s end-mill 
and reamer, as from modeling by means of Esmarch’s gouge. When 
by repeated trial it has been found that the head of the femur fits 
easily and securely into the acetabulum, the fascia lata is dissected away 
from the overlying skin, and its pedicle is somewhat narrowed at the 
expense of its anterior attachments (tensor fasciae). This is necessary 
in order to allow it to be brought into the acetabulum without tension, 
around the posterior border of the gluteus medius, since this muscle 
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and the great trochanter are to be reattached to the femur. The flap 
of fascia lata thus prepared is spread over the acetabulum and is 
attached with sutures to any available tissues around the rim of the 
acetabulum. The head of the femur is then replaced on this fascial 
bed, and the great trochanter, with its muscles, is brought down and 
is reattached at its original site with one or two of Lambotte’s self- 
boring screws (fig. 7). If two screws are inserted at different angles, 
one serves to bind the other (fig. 24 B). Finally, the skin and fat are 
closed. No drainage is employed. 

I have found that the actual operation takes just over one hour. 
Weight traction (Buck’s extension) is applied at once, and the weight 








Fig. 14—James Fleet, aged 39, on Feb. 24, 1929, ten years after excision of the 
left hip for tuberculosis: flexion to right angle, full extension, shortening 1.5 cm., 
moderate limp, no disability. Out of work for about eighteen months after 
operation. 


is increased rapidly up to a total of about 8 or 10 Kg. The hip is not 
otherwise immobilized. After from four to six weeks, active motion is 
encouraged, and gentle passive motion (just short of pain) may be 
made by the surgeon himself. At the end of two months, walking with 
crutches may be allowed, the weight extension being resumed every 
night. Only after walking has been learned do I believe it is proper to 
resort to vigorous mobilization. My experience has been that patients 
either do well and get fairly free motion without trouble, or they do 
badly and the hip remains stiff and painful. In the former cases active 
physiotherapy is not necessary, and in the latter it is useless. 
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Bone Pegs.—l1 have employed bone pegs at the hip five times for 
nonunion, as well as once in an effort to produce arthrodesis, as 
previously mentioned. I prefer to cut the pegs from the subcutaneous 
surface of the tibia, rather than from its crest or from the fibula. I 
have seen one or two fractures occur in the tibia after bone had been 
cut from its crest, and hence prefer to leave this strong buttress intact. 
I have used pegs from the fibula only twice, and in one case found 
the bone from the fibula so atrophic that it was difficult to drive it into 











Fig. 15.—Antoinette Stellone, aged 17, on March 18, 1929, three years after 
reconstruction of the right hip for congenital dislocation. The head was removed, 
the stump of the neck implanted in the false acetabulum and the trochanter trans- 


planted lower on the shaft. The hip is stable, fair motion, shortening 1.5 cm., 
moderate limp, no pain. 


the hole prepared for it. It is better to put a square or triangular peg 
into a round hole because it becomes firmly fixed at once; whereas 
either the head or the neck of the femur may rotate about a round peg. 
Nor do I regard it as desirable to include the periosteum with the 
transplant ; I am convinced that periosteum acts merely as a limiting 
membrane, and therefore prevents penetration of the transplant by the 
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cells of the bone into which it is implanted. Only when a transplant 
is to be used to bridge a gap—in other words, when it forms what I 
have called a supplant—am I in the habit of leaving its periosteum in 
place ; under these circumstances, it seems to me that the periosteum 
can serve a useful role by protecting the bone supplant from destruc- 


tion (at least on one surface) by the foreign tissues, not osseous, among 
which it is placed. 


Bone Implants.—In the patient with fibrous osteitis of the neck and 
trochanters, to whom I have previously made reference, I made an 
incision over the great trochanter, opened the cortex, cleared out the old 
scar tissue from the interior of the bone up to the head and implanted 


into the cavity two bone transplants, one of which was driven downward 
into the shaft and the other upward into the head. 


























Figure 16 Figure 17 Figure 18 


Fig. 16.—Diagram of subtrochanteric (cuneiform) osteotomy of the femur, to 
overcome adduction. 


Fig. 17.—Diagram of subtrochanteric osteotomy by inverted V incision, to 
overcome external rotation. 


Fig. 18.—Diagram of Whitman’s operation of reconstruction of the hip. (1) 
The trochanter is detached, thus providing a lengthened neck. (2) The lengthened 
neck is placed within the acetabulum, and the trochanter is reattached to the femur 
below its original site. 


Capsulorrhaphy.—For capsulorrhaphy (which I described in 1921) 
an incision from the anterior superior spine of the ilium to the great 
trochanter is used, the tensor fasciae being divided or retracted and the 
capsule anterior to the border of the gluteus medius being exposed. 
Then the long tendon of the rectus femoris is retracted medially and 
the dislocated head is reduced. Next an incision is made through the 
capsule from the anterior inferior spine parallel with the neck of the 
femur as far as the lateral end of the anterior intertrochanteric line of 
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the femur. If the patient has been up and about until shortly before 
the operation there may be considerable excess of joint fluid from 
trauma due to recurrent dislocation. After the joint fluid has been 
wiped away, the capsule is detached from its insertion along the anterior 
intertrochanteric line, and the triangular flap of capsule thus formed 
is drawn laterally and posteriorly superficial to the unopened portion of 
the capsule on the upper surface of the neck; this portion of the 
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Fig. 19—Henrietta Eichelberger, aged 36, on April 7, 1929, five years after 
reconstruction of the left hip for nonunion of the neck, of five months’ duration : 
was out of heavy work for one year after operation; shortening 1 cm., slight limp, 
toes forward, flexion to 110 degrees, full extension, rotation normal. Climbs 
easily over fences and on to chairs. Some stiffness in damp weather. 





capsule has become thinned and stretched by the upward pressure of 
the dislocated head in the patient’s attempts at walking. The flap of 
the capsule is thus overlapped over the weakened portion, and is held 
securely in place with mattress sutures of chromic catgut. In all three 
of my patients I have found that when this suturing was completed it 
was impossible to luxate the head even when efforts were made to do 


seston 
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so with the femur-in adduction, previously the most unstable position. 
After closure of the soft parts in layers, the hip is dressed in plaster of 
paris while in abduction. The limb is protected by plaster for about 
three months, and walking is gradually resumed. All my patients have 
had rather extensive paralysis lower in the same limb, and in two of 
them both lower limbs were the site of infantile paralysis. 


Excision.—I have used many different incisions for excising the 
head of the femur, but I prefer that of Lambotte; this gives adequate 


exposure and ample provision for drainage, in septic cases, from the 
angle of the incision. 


Fig. 20.—Transfer of tensor fasciae latae to great trochanter, to overcome 
paralytic outward rotation: right hip. The scissors pass under the tendon of 
the tensor fasciae. 


For Septic Osteomyelitis or Tuberculosis: The capsule is already 
ruptured, the head often lying loose in the acetabulum as a sequestrum. 
The head is easily removed by the fingers, a curet or sequestrum 
forceps. Then so much of the neck and trochanteric portions of the 
femur are removed as seems indicated to secure free drainage of the 
hip joint. The bone should be removed subperiosteally so far as 
possible, in the hope that some of it may regenerate. This, regeneration 
is the rule, at least to some extent, in cases of septic osteomyelitis 
(figs. 8, 9, 10, 11 and 12), but it may also occur in some cases of 
tuberculosis. The joint is drained by a tube, the upper limb of the 
incision being closed by interrupted sutures, but most if not the whole 
of the lower limb is left unsutured. Buck’s extension is applied, and 








Fig. 21.—Transfer of tensor fasciae: The tendon has been cut and the muscle 
raised, carefully preserving its innervation. 


Fig. 22.—Transfer of tensor fasciae: The muscle is drawn beneath the iliotibial 
band and through an incision in the fascia lata posterior to the iliotibial band. 
The muscle is then sutured to the great trochanter and to the overlying fascia 
while the limb is held in slight internal rotation. 
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the limb is immobilized in moderate abduction and nearly full extension. 
Recumbency is continued until the hip becomes stable, and the drainage 
tract is nearly or quite healed. This may require several months. The 
patient is then allowed to be about with proper apparatus, which may 
be discarded in most cases in a year or eighteen months. The patient 
may require a crutch or a cane for some time longer, but usually within 
a year or two he is able to be around without support (figs. 13 and 14). 

For Nonunion of Fractures of the Neck: The Lambotte incision is 
used, but as the capsule is not already perforated, it must be opened. 
This is best done parallel with the neck and thence medially and 
laterally along the anterior intertrochanteric line. Next the line of 








A B 


Fig. 23.—A, paralytic outward rotation in a boy (Arthur Simpson), aged 6 
years. B, same patient two months after transfer of tensor fasciae into great 
trochanter. The result was maintained fourteen years later. 


fracture is identified and is opened with a periosteal elevator or chisel ; 
by strong outward rotation of the thigh, it is possible to expose the 
fractured surface of the head. The capital fragment may slip back 
and forth in the acetabulum, and unless proper instruments are pro- 
vided may be difficult to extract. In using Lambotte’s corkscrew 
(devised by him for this purpose), I have been a little disappointed to 
find that it will not catch hold in a very atrophic head, nor have I found 
that Lambotte’s spoon, used in conjunction with the corkscrew, much 
facilitates the extraction of the head. On the whole, I have found it 





























Fig. 24——A, Joseph Thomas, aged 13; flail-hip from infantile paralysis. B, 
same patient one year after arthrodesis and fixation by two Lambotte self-boring 
screws. The screws are still in place two years after operation. 





Fig. 25—Arthroplasty, case 1; Joseph Hall, aged 20 (1916): one year after 
arthroplasty of the left hip for bony ankylosis from gonococcic arthritis. 
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easiest to depend on Esmarch’s large gouge, with which the ligamentum 
teres may be cut and the head levered out of the acetabulum with little 
difficulty. 

When the head has been extracted, the capsule is closed, and the 
incision in the soft parts is sutured in layers, without drainage. Buck’s 
traction apparatus is applied, and the limb is kept in moderate abduction 
and full extension. The patients may leave bed as soon as the soft 
parts are firmly healed; by the end of the: third week, they should be 
able to be about with crutches. 


Open Reduction——For a long time I used Lambotte’s incision in 
doing open reduction of congenital dislocations of the hip, but I found 





Fig. 26.—Arthroplasty, case 6; Marie Davenport, aged 16 (1915): bony anky- 
losis from “typhoid fever” six years previously (staphylococcic osteomyelitis). 
See figure 27. 


it so inconvenient to suture this incision while the limb is held in flexion 
and abduction (the so-called “frog position”) that I have been glad in 
my later operations to use Smith-Peterson’s incision (1917) which is 
a modification of, and an improvement on, that described by Sprengel in 
1897 (figs. 3 and 4). 

1. In the cases of recurrent luxation, subluxation or simple incon- 
gruence between the head and the acetabulum, it is often sufficient, as 
Gill pointed out, merely to turn down over the too shallow acetabulum a 
roof of bone, with its attachment close to the upper lip of the acetabu- 
lum: the surgeon enters his chisel or gouge as far above the acetabulum 
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as he wishes the width of this roof to be; cutting rather deeply into the 
pelvis (the bone just above the acetabulum is thick), he outlines 
cautiously a flap of bone, and gradually pries its upper border loose 
from the pelvis, taking great care not to fracture its lower attachments 
entirely free. To hold this roof down over the head, Gill takes free 
transplants (chips of bone) from the already bared iliac crest, and 
wedges them into the gap between the bone flap and the pelvis. The 
hip is dressed in plaster of paris in the flexed and abducted position, 
and the soft parts are closed in layers without drainage. The after- 
treatment is conducted as usual in cases of congenital dislocation of the 


Fig. 27——Same patient as in figure 26, five months after arthroplasty. 


hip in childhood. Both hips should not be operated on at the same 
sitting. An interval of several months should be allowed to intervene. 

2. In cases of irreducible congenital dislocation, in children less 
than 10 years of age, it is necessary to open the capsule, incise the 
hourglass constriction between the pouch in which the head lies and 
the acetabulum, and usually to clear the latter of cartilage and deébris. 
If the head cannot be made to enter the acetabulum without undue 
force or repeated attempts at reduction, the surgeon will do well not 
to persist in such attempts, but to resort to one of two remedies: (a) 
to remove the head, transplant the trochanter and thrust the end of 
the neck into the acetabulum (i. e., the reconstruction operation), or 
(b) to make a new acetabulum above the old, into which the head or 
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Fig. 28.—Arthoplasty ; case 7; Charles Lamb, aged 22; pathologic dislocation of 
the left hip following acute polyarthritis one year previously. Upper photographs 
(1917) before arthroplasty; lower photographs two and one half months after 
arthroplasty. 
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the stump of the neck can be placed without difficulty (fig. 15). As 
already stated, in one of my cases death occurred from shock due to 
prolonged efforts at reduction in a girl, aged 13. 


Osteoclasis (Anzoletti)——The technic of osteoclasis has already 
been described. 


Osteotomy.—Open Osteotomy Through the Neck: I have usually 
employed an incision from the anterior superior spine to the great 
trochanter. In fat patients this scarcely gives sufficient exposure, but 
the incision may be extended easily into Lambotte’s typical incision, or 
one may use the incision of Smith-Petersen. The capsule is exposed 
lateral to the long tendon of the rectus; it is opened in the long 





Fig. 29.—Arthroplasty, case 8; Mary Bailey, aged 22, eight months after 
arthroplasty for bony ankylosis from gonococcic arthritis. (See figures 6 and 7 
for roentgenograms of this patient.) Traced for nine years: no limp, no dis- 
ability, flexion to 90 degrees, full extension, abduction 20 degrees, rotation free. 


axis of the neck along the upper border of the latter and is detached 
from the anterior intertrochanteric line; the flap of capsule is turned 
forward. The neck thus exposed usually is found (in cases of coxa 
vara due to epiphyseal separation of the head or in those due to fracture 
of the neck in infancy) to present an anterior and a superior convexity, 
the limb being in outward rotation. In one case (Dilkes) I saw a 
distinct line of fracture at the apex of the cervical deformity, even 
though the injury dated back two years. In the cases due to epiphyseal 
separation of the head there is little or no motion in the joint. In cases 
of fracture through the neck in infancy there is usually free flexion and 
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extension, only abduction being lost. The wedge of bone to be 
removed from the deformed neck should be carefully calculated as to 
its width, its depth and its direction so that the gap may be accurately 
closed by abduction and internal rotation of the femur. In cases of 
epiphyseal separation the capsule is adherent to the neck, but in frac- 
tures of the neck it is not, and after the osteotomy it may be closed by 











Fig. 30.—Bone peg for nonunion, case 3, Isaac Baehr, aged 52, nonunion for 
twelve months. 


8. My observations confirm those of Whitman, who pointed out that in cases 
of fracture of the neck, usually occurring before the age of 10 years, there had 
been a severe injury followed by immediate disability, but that later there remained 
only lost abduction, fixed external rotation, limp and shortening, flexion and 
extension being preserved; whereas in cases of epiphyseal separation of the head, 
which occurs after 10 years of age, there is a history only of slight injury, with 
little immediate disability, but that the hip becomes stiff in external rotation, due 
to disorganization of the joint. 
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suture. The limb is dressed in abduction in plaster of paris, and is 
immobilized for two months at least. Even in cases of epiphyseal 
separation a fair range of motion may be expected to develop, but not 
such free motion as in cases of fracture of the neck. Of course, if bony 
ankylosis (from osteomyelitis or other cause) exists at the time of the 











Fig. 31—Same as figure 30, two and one-half months after operation. 


operation, all that osteotomy accomplishes is improvement of the posi- 
tion of the limb, as regards both external rotation and adduction. 
Open Osteotomy Below the Trochanters: Sufficient exposure is 
obtained by a straight incision of moderate length along the outer sur- 
face of the great trochanter. If the femur is in marked external 
rotation, this incision will expose the anterior rather than the lateral 


surface of the shaft, and the proper intermuscular space should be 
sought. 
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(a) If correction of adduction alone is desired, a wedge is removed 
from the lateral border of the femur between the two trochanters, care 
being taken not to deepen the wedge too far toward the median border 
and to make all the bevel of the wedge at the expense of the upper frag- 
ment, cutting the distal section transverse to the long axis of the shaft 
(fig. 16). Enough bone fibers should be left intact on the median bor- 
der to allow a greenstick fracture to be produced, thus preventing the 
lower fragment from slipping past the upper into the adductor region. 
This accident occurred in one of my patients, but owing to his youth 
(7% years) no disability resulted except some increase in the shorten- 


Fig. 32.—Same patient as in figures 30 and 31, one year after operation. 


ing of an already short extremity; in accordance with Wolfe’s law, the 
displaced fragments became well rounded off, union was bony and all 
the movements in the joint had nearly their normal range. 


(b) If correction of external rotation only is desired, I have found 
it useful to divide the femur by an inverted V osteotomy ; owing to the 
spongy character of the bone the lower fragment may then be rotated 
inward on the upper, without fear of separation of the ends of the 
bone (fig. 17). 

Subcutaneous Osteotomy of the Femur for Deformity at the Hip: 
I have never employed subcutaneous osteotomy through the neck of the 
femur, the original Adams’ operation (1871), as I prefer the sub- 
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trochanteric site recommended by Gant (1872), though I use Adams’ 
knife and saw in preference to the osteotome used by Gant. In tuber- 
culous ankylosis, in which cases particularly this method is advisable 
to correct deformity ; I believe that there is less risk of causing a renewal 
of trouble in the hip joint after the operation with the saw, than when 
a hammer and osteotome are employed. The only instruments required 
are the knife and the saw originally used by Adams; the knife, with 
a short blade and a long handle, is inserted directly against the outer 




















Fig. 33.—Excision of the right hip for acute osteomyelitis, case 4. Fred. 


Freund, aged 17, roentgenogram three and one half years after operation. Upper 
end of femur not in acetabulum. 


surface of the femur just below the level of the lesser trochanter (about 
4 cm. below the tip of the great trochanter). This is nearer the pelvis 
than in the normal case, owing to the destruction of the head and neck 
of the femur by disease. The knife is then carried across the anterior 
surface of the femur, clinging closely to the bone and not passing 
beyond its medial surface into the adductor region. Before this knife 
is withdrawn, Adams’ saw (one with a very short cutting surface) is 
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Fig. 34—Same patient as figure 33: hip stable and in good position; good 
range of motion. 











Fig. 35.—Jacob Saloner, aged 17, in September, 1928, three years after cunei- 
form osteotomy of the neck of the right femur for coxa vara from slipped 
epiphysis. See figure 36. 
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introduced alongside the knife, through the same puncture in the skin, 
and when the saw can be felt in contact with the anterior surface of 
the femur, the knife is withdrawn. Then the surgeon saws about two 
thirds of the distance across the femur, from its anterior toward its 
posterior surface, making very short excursions with the saw, as is 
required by the shortness of its blade. The saw should be used very 
gently. The operation may be tedious, but it is safe. In my operations 
the actual time of sawing has consumed from five to nine minutes. 
When the surgeon thinks that the femur is sawed through far enough, 
he should try gently to fracture the remaining fibers before removing 
the saw. If the saw is once removed, it will probably prove difficult 








Fig. 36.—Same patient as in figure 35. 


or impossible to insinuate it again into the saw line previously cut. I 
have never had the opportunity to try my skill at reinserting the saw, 
because I have found the femur easily broken in all cases before removal 
of the saw. It is helpful to have the sound limb flexed firmly on the 
pelvis in order to steady the latter, while the greenstick fracture of the 
femur on the deformed side is completed. The wound, which is a 
mere puncture, requires only a single suture. If desired, the limb may 
be brought further into abduction by the subcutaneous tenotomy of the 
adductor muscles, close to their origin from the pelvis. 
Reconstruction.—I have used Lambotte’s incision in twenty-one of 
twenty-seven operations for reconstruction; in four I have used Smith- 
Petersen’s incision and in two the modification of Whitman’s incision 
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which I have already described. I have preferred Lambotte’s incision 
especially in pathologic dislocations due to tuberculosis and those fol- 
lowing septic osteomyelitis, with open sinuses. I believe that this 
incision is less apt to spread infection into the soft parts than Smith- 
Petersen’s incision. The latter, however, has the great advantage of 
exposing the pelvis above the acetabulum, the region whence a roof of 
bone may have to be turned down; hence it is preferable to Lambotte’s 
or to Whitman’s (modified) incision in many cases of congenital dis- 
location. Whitman’s modified incision gives adequate exposure for a 
simple reconstruction operation alone, and anatomically is more correct 


Fig. 37.—Osteotomy below trochanters for ankylosis in outward rotation, from 
osteomyelitis: Rose Wenick, aged 14 years: A, before; B, after operation. 


than Lambotte’s in that it turns the entire tensor fasciae muscle back- 
ward instead of dividing it. I should have used it oftener had I not 
been familiar with Lambotte’s method before Whitman published a 
description of his reconstruction operation. 

Exposure having been gained, the head of the femur (if not 
previously destroyed by disease or removed by operation) is excised, 
and the great trochanter is cut off with an osteotome or saw at such 
an angle as may serve to provide the longest stump of neck for inser- 
tion into the acetabulum. The section of the trochanter usually should 
be made parallel with the upper border of the neck (fig. 18); hence 
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Fig. 38.—A, osteotomy below the trochanters of the right femur to overcome 
outward rotation, four years after bloodless reduction of congenital dislocation of 
both hips. The patient was 13 years old at the time of operation in 1925; 
the roentgenogram was taken in 1929, when the patient was 16. 8B, before 


and C, three years after osteotomy of the right femur to overcome outward rotation. 
The left femur is still in outward rotation. 
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the neck should be well cleared before the trochanter is detached. The 
acetabulum is next cleared of scar tissue, and is deepened if necessary 
by gouge. Then the stump of the neck is placed inside the acetabulum, 
Esmarch’s gouge being used as a combined lever and skid if reduction 
cannot easily be made by manipulation alone. In cases of pathologic or 
congenital dislocation, the previous detachment of the trochanter makes 
it much easier to bring the stump of the neck down to the normal 
acetabulum. The thigh is now kept in moderate abduction (from 20 
to 30 degrees) while an area on the lateral surface of the shaft of 
the femur is denuded of its periosteum, and the great trochanter is 











Fig. 39.—Recent subcutaneous subtrochanteric osteotomy (Adams-Gant) for 
ankylosis in flexion following a reconstruction operation for pathologic dislocation 


(reconstruction for tuberculosis, case 7), seven years previously. Betty Shaeffer, 
aged 16. 


applied against it. In many cases it is sufficient to suture the fascia 
and muscles over the trochanter, which stays easily in its new position ; 
but if it does not fall easily into place it may be sutured to the femur 
by chromic gut, or may be fixed to it by means of Lambotte’s self- 
boring screws (fig. 19). Of course, the latter should not be used in 
tuberculous or septic cases. The soft parts are then closed in layers, 


without drainage, and the limb is fixed in plaster of paris in the stable 
position of abduction. 
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If it is evident that the femur cannot safely or successfully be 
restored to the acetabulum, the surgeon will have to utilize the false 
acetabulum in which it already articulates (fig. 15) ; if none such exists, 
he will have to make a new one, preferably near the anterior inferior 
spine, so as to bring the axis of weight-bearing sufficiently far forward 
on the pelvis to prevent continuance of the back strain from the 
lordosis which was present before the operation was undertaken. In 
either case, if the new acetabulum cannot be made sufficiently deep or 








Fig. 40.—Subcutaneous subtrochanteric osteotomy (Adams-Gant) for patho- 
logic dislocation from tuberculosis. Catharine Quinn, aged 18; 1914. Poor 
result; reconstruction operation done one year later. 


if the neck cannot be made sufficiently long to secure good stability 
(as is often the case), a roof of bone should be turned down over it. 
If I had employed this adjuvant for deepening the acetabulum in cer- 
tain cases, I am sure that reluxation would not have occurred. 
Transfer of Tensor Fasciae Femoris—I employed transfer of 
tensor fasciae femoris first in 1911, soon after Davis described it. An 
incision about 10 or 12 cm. long is made obliquely downward and for- 
ward over the subcutaneous surface of the great trochanter, while the 
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limb is held in extreme internal rotation, the fascia lata being exposed 
throughout the length of the incision. The femur is then allowed to 
fall into extreme external rotation, thus bringing into the field of opera- 
tion the lower portion of the tensor fasciae. The anterior and posterior 
borders of this muscle are then identified (fig. 20), and the insertion 
of the muscle into the fascia lata is divided below the lowest muscular 
fibers; the muscle, with its attached tendon, is cautiously dissected 
upward, great care being taken not to injure the nerve supply which 
enters from its posterior border about half way between the crest of 
the ilium and the great trochanter (fig. 21). A longitudinal slit is then 





A B 


Fig. 41.—Reconstruction of the left hip for tuberculosis, with sinuses: Hilda 
Nauyokat, 16. <A, before operation; B, after operation. 


made through the fascia lata over the great trochanter, and the freed 
tensor fascia is pulled through this slit from its deep surface outward 
(fig. 22). Then, while the femur is held so that the toes point directly 
forward, the transplanted muscle (under some tension) is sutured to 
the subcutaneous surface of the great trochanter. In children the tro- 
chanter is cartilaginous, and an ordinary fascia needle penetrates it 
easily even up to the age of 15 or 16. Finally, the free end of the 
tensor fasciae, protruding from the slit in the fascia lata, is turned 
forward and sutured securely to the band of fascia lata (iliotibial band) 
beneath which it has been previously passed. The skin is then closed, 
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and the limb is dressed in plaster of paris in the position of internal 
rotation and slight abduction. The plaster cast is removed in six or 
eight weeks, and the patient is allowed to use the limb (fig. 23). Usually 
there is additional paralysis in the foot or leg, and of course apparatus 
may be required for this. 


RESULTS OF OPERATIONS ON THE HIP JOINT 


Arthrodesis.—Six operations were performed. The first and third 
were done by Albee’s original method (1908); the second, by the 
removal of articular cartilage; the fourth with bone pegs, and the fifth 
and sixth with Lambotte screws. 











Fig. 42.—Same patient as in figure 41; roentgenogram four and one half years 
after operation. 


Case 1 (1913).—Abel, a woman, aged 43, was operated on for Charcot hip. 
The patient became maniacal soon after operation (syphilitic cerebritis?) and 
was transferred to a hospital for the insane. Ankylosis did not result. 


Case 2 (1917).—Whipple, a boy, aged 16 (same patient as in case 4) had a 
flail-hip resulting from anterior poliomyelitis. The head and acetabulum were 
denuded of cartilage. The result was no ankylosis. 


Case 3 (1920).—Mallon, a woman, aged 45, was operated on, according to 
Albee’s original method, for hypertrophic arthritis. She was traced for eight 
years, and the following conditions were noted: slight limp, no pain; she led a 
normal life. The hip was stiff. 


Case 4 (1920).—In Whipple, a man, aged 20 (same patient as in case 2), 
there was a failure of the previous operation. The bone pegs were made to transfix 
the femur and to enter the pelvis. The result, after nine years, was: the hip was 
ankylosed but still required apparatus for residual paralysis. 
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Case 5 (1922).—Heckler, a man, aged 20, had a flail-hip from anterior polio- 
myelitis, complicated by recent subcapital fracture of the neck of the femur. 
Fixation was done by one Lambotte screw, through both fragments into the 
pelvis. The result, after six years, was: hip stable, flexion to 150 degrees, full 
extension; he could move the thigh by moving the pelvis. 

Case 6 (1927).—Thomas, a boy, aged 13, had a flail-hip from anterior polio- 
myelitis. Fixation was done by two Lambotte screws. The result, after two 


years, was: bony ankylosis; he was able to move the thigh by the pelvic muscles 
(fig. 24 A and B). 


Arthroplasty—Four of my eight operations were failures, resulting 
in ankylosis (three) or pathologic dislocation (one), and four successes, 
three of them very successful, and one moderately so. 





A B Cc 


Fig. 43.—Reconstruction of the left hip for tuberculosis, with sinuses. Raymond 


Dietz, aged 16. A, before operation; B and C, five months after operation. See 
figure 44. 


Case 1 (1915).—Hall, a boy, aged 19, had gonococcic ankylosis of the left 
hip for over one year; there was no destruction of bone or deformity. The last 
note, one year after operation, was: he still used a cane on the street, but went 
upstairs leg over leg; there was flexion to 110 degrees, also full extension and 


normal rotation; abduction was 75 per cent of normal. He did not limp; the hip 
felt a little weak. A very good result obtained (fig. 25). 


Case 2 (1915).—Sholley, a girl, aged 13, had a pathologic dislocation of the 
left hip, following multiple arthritis (not tuberculous). 


The result was fibrous 
ankylosis (see case 4). 





- 
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Case 3 (1916).—Sholley, a girl, aged 13, had a bony ankylosis of the right 
hip (100 degrees flexion) following multiple arthritis. The result was bony 
ankylosis. 


Case 4 (1920).—Sholley, a girl, aged 18, presented a fibrous ankylosis of the 
left hip following an attempt at arthroplasty five years previously (case 2). A 
free flap of fascia lata was used at the second operation. The result was a 
pathologic dislocation. 

Case 5 (1921).—Sholley, a girl, aged 19, had bony ankylosis of the right hip 
following an attempt at arthroplasty five years previously. A free flap of fascia 
lata was used at the second operation. The result was gangrene of the foot 
from the use of adhesive plaster extension apparatus; amputation of the leg was 
performed and resulted in ankylosis of the hip. 





Fig. 44.—Same patient as in figure 43, eighteen months after operation: excel- 
lent stable limb. Death from pulmonary tuberculosis three years after operation. 


As a result of the second, third, fourth and fifth operations, the patient in 
January, 1929, fourteen years after the first operation, wore an artificial leg on the 
right and used a crutch when on the street. She stood all day at work. The right 
hip was in good position with bony ankylosis; the left hip was in pathologic 
dislocation and rather unstable. 

Case 6 (1915).—Davenport, a girl, aged 16, had bony ankylosis of the right 
hip in flexion and adduction as a result of osteomyelitis six years previously; the 
sinuses had been closed for six months (fig. 26). A culture from the granulation 
tissue at operation showed staphylococcus. The patient was traced for two years; 
she showed no symptoms and fair motion; she had a perfectly useful limb and 
scarcely limped; she wore a high-soled shoe (fig. 27). 

Case 7 (1917).—Lamb, a man, aged 22, had a pathologic dislocation following 
acute polyarthritis one year previously. The results (four years) were: no symp- 
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toms, a shortening of 4 cm., flexion of 90 degrees, extension normal, abduction 
of 10 degrees, adduction normal, rotation outward normal and rotation inward only 
to the midline (fig. 28). 

Case 8 (1920).—Bailey, a woman, aged 22, had bony ankylosis of the left hip 
in adduction, from metastatic (gonococcic?) arthritis; the duration of the con- 
dition was eight months. There was no destruction of bone. The result (nine 
years) was: she used a light “ornamental” cane for eight years (on the street 
only) and no cane for the last year. There were no symptoms. Other results were: 


flexion to 90 degrees, full extension, abduction 20 degrees, and free rotation (figs. 
6, 7 and 29). 


Bone Pegs. 
of the femur. 





Five operations were performed for nonunion of neck 








Fig. 45.—Reconstruction of the left hip for tuberculosis with sinuses: Arthur 
Saunders, aged 17, in 1917, before operation. 


Case 1 (1913).—Cartlidge, a man, aged 30, for seven months had walked only 
with crutches. There was disability for more than eight months after the opera- 
tion. There was a fracture of transplant five months after the operation. Solid 
union and good range of motion resulted. 


Case 2 (1915).—Kelly, a man, aged 42, whose condition was of eleven months’ 
duration, walked only with crutches. He was traced for eight months, with the 
following observations: he walked with a cane; the hip was stable; a shortening 
of 5.5 cm. was present. Motion was limited in all directions. 


Case 3 (1915).—Baehr, a man, aged 52, whose condition was of twelve 
months’ duration, used crutches until three months before the operation, then a 








2 mga ® 








ASHHURST—SURGERY OF HIP JOINT 133 


cane. He was traced for eighteen months; motion was good, and the hip was 
stable (figs. 30, 31 and 32); he used a cane for one year after the operation. He 
worked all day. 

Case 4 (1919).—Smith, a woman, aged 58, for nine months had walked only 
with crutches. There was disability after operation for about one year. A good 
result was observed four years after operation, for she used no crutch or cane and 
there was practically no limp. 

Case 5 (1919).—Lawler, a woman, aged 50, had a condition of two and a 
half months’ duration. There was disability after operation for about two years. 
The result, ten years after operation, was: hip stable, flexion to right angle, 








Fig. 46.—Same patient as in figure 45, three years after operation. He was 
active on the stable limb for eight years after operation, then was disabled by 
pulmonary tuberculosis, from which he died ten and one-half years after operation. 
See also figure 47, A and B. 


abduction 30 degrees, rotation almost normal and 5 cm. shortening. She used a 
cane on the street. This was a fair result. 


Bone Implants —A case of fibrous osteitis of the trochanters and 


neck occurred in a woman named England. She was disabled by pain 
and limp. 


Case 1 (1922).—A woman, aged 21, after seven years had no limp or disability. 
The roentgen rays showed the bone still thickened, but nearly normal. 
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Capsulorrhaphy.—Three operations were performed for recurrent 
(habitual) paralytic dislocation of the hip. 


Case 1 (1913).—In Reese, a boy, aged 5 years, there was no recurrence; the 
hip was stable. Death occurred from intercurrent disease sixteen months after 
operation. 


Case 2 (1916).—Williams, girl, aged 17, operated on for recurrent paralytic 
dislocation of the hip, did not experience a recurrence. The hip was stable one 
year later. 


Case 3 (1920).—Brailey, a boy, aged 11, operated on for recurrent paralytic 
dislocation of the hip, had no recurrence. The hip was stable seven years later. 




















A B 


Fig. 47.—Same as figure 45 and 46: A, pathologic dislocation from tuberculosis 
in 1917, before operation. B, three years after operation. 


Excision——A. For Nonunion (Three Cases) : 


Case 1 (1925).—Smith, a woman, aged 64, for four years walked only with 
one crutch. She went home about ten days after operation. She was traced for 
four years. There was a shortening of 2.5 cm.; she did not have pain, and she 
walked without support, doing her own housework. This was a good result. 

Case 2 (1926).—Welsh, a man, aged 64, for ten months walked only with 
crutches; there was much pain. He was traced for three years. He walked 
fairly well with a cane, and he was perfectly satisfied with his improvement since 
the operation. He worked as a night watchman. This was a fair result. 

Case 3 (1927).—Latwinski, aged 46, had poor renal function and had been dis- 
abled for more than two years. The patient walked only with crutches, and 
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experienced much pain. The patient was traced for two years, at which time he 


could walk without support. He was considered a malingerer. This was a fair 
result. 


B. For Malunion (One Case): 


Case 1 (1921).—Brzezinski, a man, aged 45, had a condition of three years’ 
duration. He was traced for eight months. The result was good. 


C. For Acute Osteomyelitis (Six Cases) : 


Case 1 (1914).—In Vivian, a boy, aged 15, the trochanteric region was gut- 
tered five days after onset; the hip was excised eighteen days later. One year 
later, there was no deformity except shortening, but he had a dreadful limp; the 














Fig. 48.—Pathologic dislocation of the left hip from osteomyelitis in infancy. 
Lawrence Scheff, aged 5 years, in 1919. 


femur was sliding up and down on the pelvis for about 5 cm. (see case 1, 
Reconstruction for Pathologic Dislocation). 


Case 2 (1915).—King, a boy, aged 9 years, had an acute condition. Death 
occurred, from the continuance of sepsis, nine hours after operation, 

Case 3 (1919).—Vedro, a boy, aged 12, had an abscess in the adductor region 
drained two weeks before excision of the hip and one week after the onset of the 
disease (fig. 9). The great trochanter and neck of the femur were reformed 
after excision (figs. 10 and 11). He was traced for ten years, and at the end 
of that time he showed: a very slight limp and a shortening of 1 cm.; the hip 
was stable; there was good function, and the sinuses finally healed about four 
years after operation. This was a good result (fig. 12). 

Case 4 (1925).—In Freund, a boy, aged 17, the femur was drained about four 
months previously for acute osteomyelitis; a pathologic fracture occurred before 
excision of the upper end of the femur was done. He was traced for four 
years, at which time the hip had been healed for two years; the hip was 
stable; there was flexion to 90 degrees and full extension; there were a shortening 
of 6.5 cm. and a moderate limp; he did not use a cane and could walk for two 
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hours at a stretch; there was no disability. The result was good, but the femur 
was not in the acetabulum (figs. 33 and 34). 


Case 5 (1928).—In Schrawder, a girl, aged 9 years, the right hip was drained 
about six months previously for acute osteomyelitis. There was bilateral patho- 
logic dislocation of the hips, a sinus on the right with necrosis of the head and 
no sinus on the left (“silent osteomyelitis”). The dislocation on the right was 
reduced by Buck’s extension, then the necrotic head was excised. Later recon- 
struction was done on the left hip. As a result, the right hip was stable; a stump 
of the neck was in the acetabulum, and the sinus was healed. 


Case 6 (1929).—In Ashton, a boy, aged 7 years, the left femur was guttered 
for acute osteomyelitis fifteen days after onset; excision of the hip was done 




















Fig. 49.—Same as figure 48, seven years after operation. See also figure 50. 


eighteen days after the first operation for persisting sepsis. Recovery occurred, 
but the patient is still under treatment. 


D. For Tuberculosis (Seven Cases): One death from tuberculous 
meningitis occurred two months after operation. 


Case 1 (1906).—Ellingson, a boy, aged 6 years, had an operation for sinuses 
and secondary infection. He was traced longer than two years, at which time he 
was using crutches; there was no sinus. 


Case 2 (1907).—Brennan, a boy, aged 6 years, had an operation for sinuses 
and secondary infection. He did well for six weeks. Tuberculous meningitis and 
death occurred two months after operation. 


Case 3 (1914).—Savage, a boy, aged 9 years, was operated on for sinuses 
and secondary infection. He lived for more than three years after operation, 
but the sinuses never closed; death occurred from amyloid disease. 
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Case 4 (1915).—In Shafer, a man, aged 41, the pelvic bones were diseased ; 
there were sinuses and secondary infection. The sinuses never healed; death 
from pulmonary tuberculosis occurred in less than two years. 


Case 5 (1919).—Fleet, a man, aged 29, had a sinus for one month before 
operation. There was disability for about one year after operation. He used a 
cane for eighteen months or two years. Eighteen months after operation he 
weighed from 185 to 190 pounds (83.9 to 86.2 Kg.) (height 5 feet 6 inches [167.6 
cm.]). He was traced for nine and a half years, at which time he worked half 
time, sitting down; the weight was stationary (from 185 to 190 pounds); the 
hip was stable; he went up and down stairs leg over leg; he did not use a cane; 
he showed good station, and had a moderate limp. The hip flexed to 100 degrees 








Figure 50 Figure 51 
Fig. 50.—Same as figures 48 and 49: seven years after reconstruction for 
pathologic dislocation from osteomyelitis in infancy: ankylosis in good position. 


Fig. 51.—Paralytic outward rotation of the left lower extremity, six years 


after transfer of the tensor fasciae to the great trochanter. Leonard Coester, aged 
13 (1921). 


and extended to 180 degrees; abduction was 30 degrees; rotation was fair (figs. 
13 and 14). The result was good. 


Case 6 (1921).—Jarrett, a woman, aged 36, had ankylosis, with pain and 
deformity. She was traced for seven years; a sinus persisted until five years 
after operation; she did her regular work; there was no disability, except a limp 
and shortening of the leg. The result was good. 


Case 7 (1926).—Seeberger, a boy, aged 11, had sinuses with secondary infec- 
tion. After excision he was sent to the Home for Consumptives at Chestnut Hill, 
Philadelphia, for two years (heliotherapy). He was traced for more than three 
years; all the lesions had been healed for one year; he used a brace and 
crutches; he was still under treatment. 
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Open Reduction.—Thirteen operations were performed; one death 
from shock resulted. 


Case 1 (1908).—Passoloqui, a girl, aged 8% years, was traced for one year; 
the dislocation recurred, but the hip was more stable. She was much improved. 

Case 2 (1913).—Strassbaugh, a girl, aged 11%, was traced for sixteen years; 
the dislocation recurred promptly, but since five years after operation she had 
led an ordinary life. She sometimes had pain in the hip, and she was unable to 
walk for a time. She was 28 at the time this article was written. 

Case 3 (1915).—In Krisch, a girl, aged 3 years, the dislocation was recurrent 
after a bloodless reduction. She was traced for fourteen years, at which time 
she had a scarcely visible limp and normal movements; there was no pain or 
disability ; the head was in a good false acetabulum on each side of the pelvis. 

Case 4 (1920).—Pipps, a boy, aged 11, was not traced. 

Case 5 (1920).—Di Girolomo, a girl, aged 11, was traced for two years; 
reduction was maintained; there was a notable limp but no pain; the thigh was 
in external rotation of 45 degrees; there was full extension, with flexion to 150 
degrees; no abduction or adduction was present. 

Case 6 (1920).—Yeoman, a girl, aged 8 years, had an operation on the right 
hip. The dislocation recurred (case 8). 

Case 7 (1921).—Yeoman, a girl, aged 9 years, had an operation on the left 
hip. She was traced for eight years, at which time reduction was maintained ; 
there was no disability. 

Case 8 (1922).—Yeoman, a girl, aged 10 years, had a second open reduction 
of the right hip; the dislocation recurred. She was traced for seven years, at 
which time there was a moderate limp, but no disability. 

Case 9 (1921).—Clark, a boy, aged 6 years, was traced for two and a half 
years; the hip was nearly stiff and in good position; reduction was maintained. 

Case 10 (1921).—In Bauer, a girl, aged 8 years, the dislocation recurred 
promptly ; a reconstruction operation was done one month later (see case 1, recon- 
struction for congenital dislocation). 

Case 11 (1922).—In Drenner, a girl, aged 5 years, the condition recurred nine 
months later. She was traced for seven years; there was still a slight limp and 
some pain at times; the hip was stable; there was no disability (aged 12). 

Case 12 (1922).—Dovas, a girl, aged 9 years, was not traced. 

Case 13 (1923).—In Wiley, a girl, aged 13, death occurred from shock five 


hours after operation, at which time reduction was secured only after much 
manipulation. 


Summary.—There were seven recurrences of the dislocation among 
ten traced cases; two were not traced, and one death occurred from 
shock. In two of the patients in whom reduction was maintained, 
the hips are nearly stiff, the operations having been done when the 
patients were 11 and 6 years respectively ; only in the patient who was 
operated on at the age of 3 years has normal motion been preserved, 
and yet the head is in a false acetabulum. In five of the seven recur- 
rences the hips were fairly stable, and the patients were in considerably 
better condition than before the operation. 
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From the aforementioned very poor results of the operation in my 
hands, it is natural that in most cases I should prefer the reconstruction 
method. Even in the cases in which reduction into the true acetabulum 
is comparatively easy to obtain, stable reduction is not maintained 
unless (a) the acetabulum is deepened considerably or (b) a bony: roof 
is turned down over it from above. In the former case a stiff joint is 
the usual result, while the latter plan can often be used to greater 
advantage in connection with a false acetabulum (already existing, or 
made by the surgeon) than with the original shallow and deformed 
joint socket. 

Osteoclasis (Anzoletti)—As I employed this method of correcting 
rachitic coxa vara in only one patient (Plummer, a boy, aged 3 years, 
both hips), it is manifestly impossible for me to conclude anything 
definite as to its results. All I can say is that in this patient the cor- 
rection of the deformity was adequate and satisfactory, though the 
necks were not restored completely to their normal angle with the shafts. 

Osteotomy.—Fifteen operations were performed, with one death (on 
the operating table, perhaps from the anesthetic, ether). 





Case 5 (following).—In a negro girl, aged 12 years, the operation (cuneiform 
osteotomy of the neck for bony ankylosis in adduction) was easy to perform; it had 
been completed, and the plaster of paris dressing was being applied. The child had 
been breathing poorly for about five minutes, when she suddenly stopped breath- 
ing and could not be revived. Artificial respiration brought a few gasps, but 
there was no pulse and there were no heart sounds; the epigastrium was opened 
and subdiaphragmatic massage of the heart was begun, but the heart was appar- 
ently contracted in systole, and no pulsations could be made to return. The 
autopsy showed “status lymphaticus”’—enlarged thymus, enlarged spleen and 
enlarged bronchial and mesenteric lymph nodes ; the heart was normal. The family 


said that several times the child had been “nearly frightened to death” by trivial 
occurrences. 


A, Osteotomy Through the Neck (Open). 1. “Slipped Epiphysis” 
(Three Cases) : 


Cases 1, 2 anv 3.—(1916) Dilkes, a girl, aged 13; (1926) Saloner, a boy, 
aged 14 (figs. 35 and 36), and (1928) Povernick, a boy, aged 13. The three 
patients were obese, and cases 1 and 3 were of the hypopituitary type. The patients 
were treated by open cuneiform osteotomy through the neck; an excellent result 
was obtained in two, but the third patient (Povernick) was still under treatment, 


and was suing for damages for the original injury; the operation promised to 
give an excellent result. 


2. Coxa Vara (One Case): 


Case 4 (1921).—Sonak, a boy, aged 10, had a condition that probably dated 
from a fracture of the neck in infancy. He was treated by open cuneiform 
osteotomy through the neck. He was traced for eight years; there was an 
excellent result. He was fond of long “hikes,” swimming and camping; there 
was always a slight limp. He was killed at the age of 18 in a railroad accident. 








140 ARCHIVES OF SURGERY 


3. Bony Ankylosis from Osteomyelitis (Two Cases) : 





Case 5 (1922).—In Ford, a girl, aged 12, death occurred on the operating table; 
the case was referred to previously. 
Case 6 (1928).—Hackett, a boy, aged 19, was operated on because the limb was 


in external rotation. He was treated by open curvilinear osteotomy ; the operation 
gave an excellent result. 


B. Osteotomy Below the Trochanters. 1. Open Osteotomy (Four 
Cases) : 


Cases 1, 2, 3 anp 4.—(1928) Santangelo, a boy, aged 7 years, was operated 
on for coxa vara, probably from fracture of the neck in infancy. Three opera- 
tions were performed to overcome outward rotation of the femur: (a) (1914) 
ankylosis from osteomyelitis in Wenick, a girl, aged 14 (fig. 37); (b) (1920) 
deformity from infantile paralysis in Bitto, a boy, aged 11, and (c) (1925) deformity 
(abduction and external rotation) following bloodless reduction of congenital 


dislocation four years previously in Remley, a girl, aged 13 (fig. 38). Excellent 
results were obtained in all four cases. 


2. Subcutaneous Osteotomy (Adams-Gant Method) (Five Cases 
of Tuberculosis) : 


Cases 5, 6, 7 anp 8.—There was apparently bony ankylosis in these four 
patients: (1911) Devine, a girl, aged 13; (1916) Dolan, a girl, aged 13; (1924) 
Walker, a girl, aged 12, and (1929) Shaffer, a girl, aged 16 (fig. 39). Excellent 
results were obtained in all. 

Case 9.—There was a flexion-adduction deformity, without ankylosis (1914) in 
Quinn, a girl, aged 17; a poor result obtained, the lower fragment slipping past 
the upper into the adductor region (fig. 40). She was later treated by reconstruc- 
tion (case 3, under reconstruction for tuberculosis). 


Reconstruction—Twenty-seven operations were performed, 1 death 
from uremia resulting four days after operation (1927, Hensel, a man, 
aged 59, utterly incapacitated by hypertrophic arthritis). 


A. Reconstruction for Tuberculosis (Twelve Operations) : 


Case 1 (1914).—Nauyokat, a girl, aged 16, presented pathologic dislocation 
with sinuses. She was traced longer than five years, at which time there was an 
excellent stable limb (figs. 41 and 42). 


Case 2 (1914).—Dietz, a boy, aged 16, had a pathologic dislocation, with a 
sinus. After operation there was an excellent stable limb (figs. 43 and 44). He 
died after three years of pulmonary tuberculosis. 


Case 3 (1915).—Quinn, a girl, aged 19, had fibrous ankylosis in bad position 
(case 9 reported under subcutaneous osteotomy below the trochanters) ; she experi- 
enced recurrently disability through pain; there was no sinus. She was traced 
for thirteen years. There was an excellent stable limb; she did all her own 
housework, even scrubbing the floor on her knees. 


Case 4 (1917).—Saunders, a boy, aged 17, had pathologic dislocation with 
sinuses. He was traced for teri and a half years, until death occurred from 
pulmonary tuberculosis. He was active on the stable limb for eight years after 
operation’ (figs. 45, 46 and 47). 
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Case 5 (1917).—Fitzpatrick, a boy, aged 17, was operated on for pathologic 
dislocation; there was a healed sinus. He was traced for four years, and was 
still in good health; he used a cane even in the house; there was never any pain. 

Case 6 (1919).—Rakowsky, a boy, aged 17, had a pathologic dislocation, with 
a sinus recently healed. The result of the operation was good. He was traced 
for two years, when death occurred from an unknown cause. 


Case 7 (1922).—Shaffer, a girl, aged 9 years, was operated on for pathologic 
dislocation; there was no sinus. She was traced for seven years. There was a 
bony ankylosis in flexion of 135 degrees. There was excellent weight-bearing 
and no pain, but an abominable limp. Adams-Gant osteotomy was done in 1929. 

Case 8 (1922)—McMahon, a girl, aged 15, had a pathologic dislocation, but 
no sinus. She was traced for seven years. The limb was useful, but not 


very stable; there was fair motion; she had to bend the knee to reach the shoe. 
She worked full time, sitting down. 


weather. No crutch or cane was used. 


Case 9 (1924).—Moyer, a man, aged 29, had a fibrous ankylosis in bad 
position, with sinuses; he walked only with the aid of crutches. He was traced 


for five years; he wrote, “I am as fat as a pig.” The sinuses had been healed 
for two years and the limb was stable. 


Pain and stiffness were present in wet 


Case 10 (1926).—Rust, a man, aged 21, had a fibrous ankylosis in bad posi- 
tion, with pain; there was no sinus. Death occurred after three years; he was 
improved for one year, then was an invalid. The sinus persisted, and he had 
amyloid kidneys. 

Case 11 (1926).—Blank, a boy, aged 15, had a fibrous ankylosis in bad posi- 
tion. He was traced for three years. He did well at first, then developed sacro- 
iliac tuberculosis and, later, tuberculosis of the left shoulder joint. In 1929, he was 
steadily improving; the shoulder was healed; the sinuses at the hip were still 
open; he was up and about on crutches and was “fine and strong.” 

Case 12 (1929)—Ozjikowski, a boy, aged 9 years, was operated on for 
pathologic dislocation with sinus. He was still under treatment. 


All of these twelve patients, varying in age from 9 to 29, were 
improved, at least temporarily, and of nine operated on six were still 
leading active and useful lives, walking on the limb, more than five 
years after operation, though one of these died of pulmonary tuber- 
culosis more than ten years after operation. The patients in cases 
2 and 4, which are elaborated, show what may be accomplished, even 
if the improvement is only temporary. 


Case 2.—Raymond Dietz, aged 16, had never borne any weight on the diseased 
limb, having developed the disease as an infant. His hip had been treated by 
excision about eight years previously, leaving a sinus which was sometimes moist. 
His life had been spent in institutions, as a patient. He came under my care at 
the Episcopal Hospital, where he was a candidate for the Harrison Memorial 
House for Incurables (figs. 43 and 44). His limb showed 13.5 cm. actual short- 
ening. After reconstruction of the hip, he was able to walk well with a cane 
and a high shoe (fig. 44). He left the hospital and worked for his living for 
more than two years. He then returned with active pulmonary tuberculosis, and 
died three years after operation. Perhaps if I had not “cured” him temporarily, 
he would be still living in the incurable ward. 
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Case 4.—Arthur Saunders, aged 17, entered the Episcopal Hospital emaciated, 
in pain, with a discharging sinus and a cold abscess (fig. 45). After reconstruc- 
tion, he led a normal life for eight years, gaining 18 pounds (8.2 Kg.) in the 
first two years (figs. 46 and 47). After eight years he developed active pulmonary 
lesions, from which he died ten and a half years after operation. 


B. Reconstruction for Pathologic Dislocation from Osteomyelitis 
(Six Operations) : 


Case 1 (1915).—In Vivian, a boy, aged 15, about one year after excision for 
acute osteomyelitis, reconstruction was done because of marked instability and 
abominable limp. He was traced for nine years. He wore a high shoe (12 cm.) 
and limped, but had no disability of any kind at any time; he added “not even 
pain in damp weather.” There was fair motion. 

Case 2 (1921).—Graham, a girl, aged 9 years, had the condition since infancy. 
She was traced for ten months; walking was much improved. 

Case 3 (1922).—Scheff, a boy, aged 5 years, had the condition since infancy. 
He was traced for seven years, at which time there was bony (?) ankylosis in 
good position; there was some pain in damp weather. There was scarcely any 
limp (figs. 48, 49 and 50). 

Case 4 (1923).—Wenskis, a girl, aged 19, had the condition for twelve years; 
she tired after walking three or four squares. She was traced for ten months. 
There were bony ankylosis in good position, considerable limp and some pain in 
damp weather; she felt much better after the operation. 

Case 5 (1924).—Lebender, a boy, aged 9 years, had the condition since the 
age of 6 weeks. He was traced for five years. He thought he “could not be 
improved”; there was no disability (now 14 years of age); all motions were 
normal except abduction, only to 30 degrees, and there was no hyperextension. 
A marked limp was present, with a shortening of 6 cm.; the trochanter slid up 
and down on the pelvis about 2 cm. He walked on his toes. 

Case 6 (1928).—Schrawder, a girl, aged 9 years, had the disease for about 
nine months. She was traced for four months. The hip was more stable, but 
the end of the femur was not in the acetabulum. 


C. Reconstruction for Congenital Dislocation (Four Operations) : 


Case 1 (1921).—Bauer, a girl, aged 8 years, was operated on for recurrence 
after open reduction five weeks previously. She was traced for seven months. 
The hip was stable in the false acetabulum. 


Case 2 (1925).—Fisher, a girl, aged 12, had a dislocation of the left hip. She 
was traced for four years; the hip was stable in the false acetabulum, and there 
was a fair range of motion (case 4). 

Case 3 (1926).—Stellone, a girl, aged 17, was traced for three years. The 
hip was stable in the false acetabulum; there were fair motion, a shortening of 
the leg of 1.5 cm., no pain in the hip and a moderate limp (fig. 15). 

Case 4 (1927).—Fisher, a girl, aged 14, had an operation on the right hip. 
She was traced for two years. The hip was stable in the false acetabulum; there 
was a fair range of motion (case 2). 


D. Reconstruction for Slipped Epiphysis (One Operation) : 


Case 1 (1928).—Zeller, a boy, aged 16, was traced for eight months. There 
was no pain; some stiffness after sitting and a considerable limp were present. He 
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said that he was “much” better than before the operation. There was good position 
and the hip was stable in the old acetabulum; a fair range of motion was maintained. 


E. Reconstruction for Nonunion of the Neck (Two Operations) . 


Case 1 (1924).—Eichelberger, a woman, aged 31, had nonunion of the neck 
for five months. She was traced for five years; she had not done heavy work 
for one year; she now climbed chairs and even fences without trouble. There 
was flexion to 110 degrees, extension ‘to 180 degrees; rotation was normal, toes 
forward. There was a slight limp and some stiffness in damp weather. The hip 
was stable in the old acetabulum. There was a shortening of 1 cm. (fig. 19). 


Case 2 (1927).—Donovan, a woman, aged 40, had a nonunion of the neck for 
three months. She was traced for eighteen months; she used a cane and had 
a moderate limp; she began ordinary housework (cleaning and scrubbing) about 
four months after operation. There was a shortening of about 2.5 cm.; the hip 


was stable. Flexion was 120 degrees; extension, 180 degrees; rotation was lim- 
ited; toes forward. 


F. Reconstruction for Dystrophic Arthritis (Two Operations, One 
Death) : 


Case 1 (1927).—Hensel, a man, aged 59, was entirely disabled from hyper- 
trophic arthritis. Death occurred from uremia four days after operation. 

Case 2 (1928).—Chanudet, a woman, aged 32, was entirely disabled from 
atrophic arthritis of the hip and knee. She was traced for one year, at which 
time she was able to be around a little with a knee brace and cane. There was 
no pain in the hip, and she had a fair range of motion; the joint was stable. 


Transfer of Tensor Fasciae Femoris.—Six operations were per- 
formed for paralytic outward rotation of the thigh: 


Case 1 (1911).—Foster, a girl, aged 15, after two months had active internal 
rotation of the hip. 


Case 2 (1913).—Simpson, a boy, aged 6 years, was traced for fourteen years; 
the toes pointed forward in walking, and active internal rotation was strong 
(fig. 23). 

Case 3 (1914) —Coester, a boy, aged 7 years, was traced for six years. There 
was practically no control of the hip, except that when he was erect he could 
rotate it in and out slightly (fig. 51). 


Case 4 (1914).—Gropp, a boy, aged 7 years, was traced for one year. He 
walked without support; the right foot (side of operation) was in marked 
eversion. 

Case 5 (1920).—Gaunt, a boy, aged 16, was traced for nine years; he con- 
sidered himself much improved; he still used crutches for residual paralysis. 

Case 6 (1922).—Kratz, a boy, aged 12, was traced for seven years. The toes 


pointed forward in walking; the transplanted tensor fasciae abducted more than 
it internally rotated the hip. 
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SPINAL CORD INJURY * 


GEORGE G. DAVIS, M.D. 
AND 


H. C. VORIS, Px.D. 
CHICAGO 


The surgeon whose lot it is to care for a patient with trauma to the 
spinal cord needs much information concerning his patient before 
finally deciding on the pian of treatment, whether it is to be operative 
or nonoperative. 

If, in a case of this kind, it were possible to have a little more 
knowledge regarding the etiology and the pathology and the relation 
of the one to the other, such data would often be welcome. Was all 
the damage to the cord inflicted at the time of the injury, or is there 
still pressure from misplaced fragments causing damage to the cord? 
Again, just what is the pathologic condition of the cord after receiving 
the trauma? These questions must be answered in each case. The 
roentgen examination of the spinal column following the injury may be 
negative in results, yet there may be complete loss of function of the 
cord below the level of the injury. If, instead of depending on a single 
x-ray picture taken after the force causing the lesions has been removed, 
one could imagine a motion picture showing the relationship of the 
various vertebrae to the spinal canal and the cord therein during the 
time of the application of the force, it seems one could visualize what 
happens pathologically in many cases of “flexion” injuries of the cord. 
In “flexion” injuries of the spine, sometimes spoken of as “jackknifing” 
of the spine, the cephalic portion of the spine is approximated toward 
the caudal end of the spine, or, in other words, the head and knees 
are forcibly approximated. If this force is sufficient, several condi- 
tions may result. 

With the buckling of the spinal column, one vertebra may be dis- 
located anteriorly or laterally over its neighbor below (fig. 1.4). While 
this is the position of dislocation, the lumen of the vertebral canal is 
encroached on, and the cord consequently is compressed between the 
laminae or between the arch of the dislocated higher vertebra and the 
posterior part of the body of the vertebra below (fig. 2). Then, when 
the force causing the dislocation is released, the dislocated vertebra 
may return to its normal position or may remain dislocated. If the 
dislocation of the vertebra is reduced, an x-ray picture of the end- 
result (fig. 1B) may give a normal appearance as far as the bony 
structures are concerned. However, the damage to the cord has been 
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done. Operation in this case, of course, is purposeless. If, however, 
the dislocation is not reduced when the causal force has ceased, the 
cord then may continue to be compressed as described. If reduction 
cannot be effected by nonoperative methods, then, of course, a decom- 
pression laminectomy is indicated. 

Again, when the force causing flexion is great, the anterior portion 
of the bodies of the two adjacent vertebrae may suffer a compression 








Fig. 1 (case 1).—A, lateral dislocation of second lumbar vertebra after the 
application of a force sufficient to cause buckling. The picture represents the 
dislocation before reduction. Note the crisp, definite outlines of the bodies, show- 
ing no compression fracture, but does show a narrowing of the spinal canal. 

B, The dislocation shown in A after reduction accomplished by nonoperative 
procedures. The reduction was made by hyperextension. Note the crisp outlines 
of the bodies of the vertebrae (first and second lumbar). No evidence of a com- 
pression fracture is seen. The spinal canal is restored to its normal lumen. 


fracture (fig. 3), and with this again a dislocation of the upper of the 
two vertebrae producing a fracture dislocation (fig. 4). When the 
causal force is released, the dislocation may be reduced; in this case, 
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in the x-ray picture, the only evidence of what has happened during 
the buckling is the picture of the compression fracture of the anterior 
portion of one or both bodies of the vertebrae involved. The damage 
to the cord has been done and again operative procedure is purposeless. 

Another portion of this imaginary motion picture showing the 
buckling of the spine would be of interest. It would be the pathologic 
change produced in the posterior portion or arch of the vertebra by the 
direct action when the force is applied. This force might be a heavy 








Fig. 2.—Anterior dislocation of fourth cervical vertebra from application of a 
force sufficient to cause buckling, resulting in narrowing of the lumen of the 
spinal canal, trauma to the spinal cord and paralysis of both arms and both legs. 


object falling on the arches of the vertebrae causing local injury to an 
arch and buckling of the spine with accompanying dislocation or frac- 
ture dislocation, or the patient might fall from a height and, landing on 
his back, take the force of the fall on the arches of certain vertebrae. 
The senior author has noted that when there is a dislocation or frac- 
ture dislocation from the buckling, the damage to the cord is inflicted at 
the time the force causes the greatest flexion of the spine with a simul- 
taneous narrowing of the canal impinging on the cord, and that with the 
release of the force, reduction of the dislocation, generally, and restoration 
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of the normal outline of the lumen of the spinal canal and accordingly 
removal of any pressure on the cord, follow. The pathologic change 
suffered by the arch of the vertebra receiving the direct force is 
generally the prime factor in causing pressure on the cord after the 
primary causal force has been removed. 


An x-ray picture, in anteroposterior view, taken after the injury, 
frequently shows, in these cases, a unilateral or bilateral fracture of the 
laminae of the vertebrae involved. If, in addition, one is able to note 
that the shadow of the bulbous portion of the spinous process is laterally 
displaced and is out of line with those of the vertebrae above and 
below, one may with a reasonable degree of assurance make a diagnosis 
of pressure on the cord by the depressed fractures of the arch (fig. 5), 








Fig. 3—Compression fracture resulting from the application of a force suffi- 
cient to cause buckling. 


and a decompression laminectomy is indicated. Of course, the spinous 
process alone may be fractured and displaced laterally without a frac- 
ture of the lamina and too much importance should not be given to 
asymmetry of spinous processes, unless accompanied by shadows show- 
ing fractures of the laminae. 

The neurologic observations in the presence of injuries of the 
spinal cord are of greatest importance, and the surgeon, unless he has 


specialized in neurologic surgery, may well consult his colleague, the 
neurologist. 


We wish to present the history and the roentgenologic, neurologic, 


and postmortem observations on a patient who received an injury to the 
spinal cord and died as the result of the injury seventeen days later. 
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REPORT OF CASE 


History—On April 15, 1926, a structural iron worker, aged 38, fell from a 
scaffold, 25 or 30 feet to a cement floor. The patient, who did not lose con- 
sciousness at the time of the injury, believed that he landed on his buttocks but 
that his head struck a wall. He tried to get up and walk, but could not. He 
was taken to the hospital. 

On admittance to the hospital on the fifteenth of April, the patient complained 
of pain in the right arm, forearm and hand and also in the interscapular region 
and in both hips. He further noticed numbness of both legs and hands. 








Fig. 4—Compression fracture and dislocation of the eleventh and twelfth 
dorsal vertebrae, resulting in paralysis of both legs. 


Roentgen Examination—The roentgenogram (fig. 6) showed a smearing of 
the intervertebral space between the sixth and seventh cervical vertebrae and a 
compression fracture (?) of the body of the sixth cervical vertebra. 

Physical Examination.—The patient had a wrist drop of the right wrist and 
he was unable to flex or extend the right wrist or the fingers of the right hand. 
The same was true of the fingers of the left hand. All voluntary motion of the 
lower extremities was lost. The active and passive movements of the neck 
were normal, and the cranial nerves were normal, including those controlling the 
size of the pupils. The respiratory movements and the excursions of the dia- 
phragm were normal. There was moderate rigidity of the neck and also slight 
rigidity of abdominal muscles and priapism. 

The bladder was distended, and there was no voluntary movement of the 
bladder or rectum. The biceps and triceps reflexes were present, but the knee 
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jerk, the Babinski sign, and ankle clonus were absent. (Later examinations 
showed the knee jerk to be present.) 


Sensory Examination—There was loss of pain and temperature sensations 
over the lower extremities and. the trunk as high as the third chrondosternal 
junction anteriorly, and the spine of the fourth thoracic vertebra posteriorly. On 
the right upper extremity, there was anesthesia to pain and to temperature 
stimuli over the entire dorsal surface of the hand (with the exception of the 
thumb), the dorsal side of the forearm and the dorsal side of the upper arm 
as high as the insertion of the deltoid muscle. The area of anesthesia continued 
on the ulnar side of the dorsal surface of the arm and was continuous with the 
area of anesthesia on the posterior part of the trunk. On the anterior surface of 
the right upper extremity, the area of anesthesia was found on the ulnar side, 














Fig. 5.—Fracture of the lamina and lateral displacement of the bulbous end 
of the spinal process of a dorsal vertebra (second thoracic) from application of 
a direct force. The injury caused paralysis of both legs. 


including all of the hand except the thumb, the ulnar half of the forearm and 
a narrow strip on the ulnar side of the arm, which was continuous with the 
anesthetic area on the anterior part of the trunk. On the left upper extremity, 
the area of anesthesia to pain and to temperature was a narrow strip along the 
ulnar side of the extremity. Unfortunately, the left arm was not examined as 
carefully as the right. 

Tactile sensibility (to cotton wool), position sense, and discriminatory sense 
were present everywhere. 

The sensory and motor observations were those of a loss of voluntary move- 
ments below and including the seventh cervical segment, and of loss of pain and 
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temperature sensibility below and including the first thoracic segment on the left 
side and the eighth cervical segment on the right side (fig. 7). 


General Examination —General physical examination revealed a young white 
man, lying motionless in bed, who was entirely conscious. There was a laceration 
3 inches (7.6 cm.) long in the midfrontoparietal region. Two other lacerations, 
each one-fourth inch (0.61 cm.) long, opened into this laceration. In addition, 
there was a laceration three-quarters of an inch (1.83 cm.) in length in the left 
supraorbital region and another one-quarter of an inch (0.61 cm.) in length on 
the bridge of the nose. Otherwise, the examination of the head was negative. 
The pupils reacted to light and in accommodation, and were normal in size. The 
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Fig. 6—Compression fracture (?) of the body of the sixth cervical vertebra 


and a smearing of the intervertebral space between the sixth and seventh cervical 
vertebrae. 


palpebral fissures were normal. Otherwise, the examination of the eyes disclosed 
normal conditions. The ears, nose and mouth were normal. The throat and the 
chest were normal. There was a slight rigidity of the abdominal walls, but there 
was no tenderness. The liver, spleen and kidneys were not palpable. 

Treatment and Course of IllIness—The wounds on the head were sutured, the 
head of the bed was raised slightly, and a Jury mast was applied to the patient’s 
head with 10 pounds (4.5 Kg.) of extension. Two days after the injury, on the 
seventeenth of April, he was examined by Dr. G. B. Hassin, whose observations 
are appended. The jury-mast was removed at this time, and a spinal puncture 
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was performed. The pressure of the spinal fluid was 8 mm. of mercury. Twenty 
cubic centimeters of fluid were removed. The fluid contained some blood. 

On the twenty-first, another spinal puncture showed the same pressure. There 
was less blood in the spinal fluid, and again 20 cc. was removed. This was 
repeated on the twenty-third, the pressure was the same, there was practically no 
blood in the fluid, and 15 cc. was removed. On April 25, 35 cc. of bloody spinal fluid 
was removed. At this time, the pressure was not taken. On the twenty-seventh, 
the pressure of the fluid was 12 mm. of mercury; 25 cc. of fluid was removed, 
and the pressure was thus lowered to 6 mm. of mercury. 























% si 
oe a 
lJlaf\ 
i) 
~ 
fe) 
* ‘ f 
Y/9 \ 
x ‘. \ 
uv Ley 
Zi 
a ~ 
- ~ 
. 
& le 
* 
s 
N 
5 
4 
REMARKS A ARKS B 


Fig. 7—A, chart (anterior view) showing sensory involvement (pain and 
temperature) ; B, chart (posterior view) showing sensory involvement (pain and 
temperature). 


To this time, the patient remained in fair condition, the wounds on the head 
healing satisfactorily, and his back remaining in good condition. On April 28, he 
had a chill followed by a rise of temperature to 103.6 F. The urine was decreased 
in quantity, was cloudy, and on examination was found to contain blood and 
albumin and to be loaded with leukocytes and bacteria. Spinal puncture the 
following day revealed a pressure of 10 mm. of mercury; 25 cc. of fluid was 
removed, and the pressure fell to 6 mm. of mercury. 

The condition of the patient steadily grew worse, and he died on May 2, 
seventeen days after his injury. 

Dr. Hassin’s Observations—Dr. Hassin in a neurologic examination of the 
patient on April 17 made observations as follows: absence of deformities of the 
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vertebral column, including the cervical region; a beginning bed sore in the left 
gluteal region ; normal mentality, normal cranial nerves, including those that con- 
trol the size of the palpebral fissures and the pupils (absence of Horner’s syn- 
drome) ; normal amplitude and force in active and passive movements of the 
neck; absence of pain and no rigidity in neck; paralysis of the hands and fingers, 
including the thumbs; inability to flex or extend the wrists and fingers and to 
abduct the thumbs; absence of spasticity; complete flaccid paralysis of the lower 
extremities with loss of tendon and plantar reflexes; absence of Babinski’s sign; 
loss of pain and temperature sensibilities up to the level of the fourth thoracic 
spinal segment; sensory disturbances involving the ulnar surfaces of the forearms 
and the hands, except the thumbs, on both sides; preservation of the tactile sense 
in the areas affected by the loss of pain and temperature sensations; preservation 
of the position sense; distention of the bladder, with the abdominal walls rigid; 
spinal fluid slightly tinged with blood. 

These observations were summarized as “flaccid paraplegia due to a spinal 
cord lesion at the level of the first or second thoracic segment. The lesion of the 
spinal cord is not due to a fractured or dislocated vertebra, but most likely to an 
intraspinal hemorrhage.” 

The diagnosis was hematomyelia in the cervicodorsal region. 

Dr. Hassin’s recommendations as to treatment were: “Surgical interference 
not indicated, for there is no evidence of pressure symptoms; prevention of bed 
sore formation and genitourinary complications; spinal punctures every other 
day.” 

Gross Pathologic Observations—A postmortem examination of the spinal cord 
was made by Dr. F. W. Merritt twenty minutes after the patient’s death. On 
making an incision over the spines of the vertebrae, he noted that the space 
between the spinous processes of the third and fourth thoracic vertebrae was 
enlarged and that there was no tissue between the two spinous processes so that 
a finger could be put between them. The spinous processes and laminae from the 
fourth cervical vertebra to the eighth thoracic vertebra were removed. There was 
no pressure on the spinal cord by the vertebral column and there were no extra- 
dural blood clots. 

When the dura and arachnoid were opened, the spinal fluid was found to be 
clear. There were no subdural blood clots or other evidence of subdural hemor- 
rhage. On the dorsal surface of the cord in the region of the sixth cervical 
vertebra, the blood vessels appeared to be congested. The spinal cord with its 
membranes from the fifth cervical to the ninth thoracic segments, inclusive, was 
removed and placed in a diluted solution of formaldehyde U.S.P. (1:10) for 
further study. 

Later gross examination by us showed the dura around the sixth cervical 
segment to be discolored, apparently owing to extravasated blood from ruptured 
blood vessels of the dura itself. When the cord was sectioned transversely in 
the region of the sixth cervical segment and the cut surface examined with the 
naked eye, the gray matter on the left side was seen to be definitely outlined by 
the hemorrhages that had occurred. On the right side, the hemorrhage was not 
so extensive but was rather of the petechial type. In addition, there were minute 


petechial hemorrhages in the dorsal funiculus and in the lateral funiculus of the 
white matter. 


Microscopic Pathologic Observations.—Most of this work was done by the 
junior author (H. C. V.) in the Hull Biological Laboratories of the University 


of Chicago during the spring of 1926. The material was prepared for microscopic 
study by several different methods. 
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Busch’s (1899)! modification of the Marchi method for formaldehyde-fixed 
material was used on blocks taken from the fifth, sixth, seventh and eighth 
cervical segments and from the first, third, fifth, eighth and ninth thoracic 
segments. These blocks were placed for from five to ten days (the longer time 
being preferable) in a mixture of 1 Gm. of osmic acid, 3 Gm. of sodium iodate 
and 300 cc. of distilled water. The blocks were then washed, dehydrated, imbed- 
ded in paraffin and cut into sections from 10 to 15 microns thick. These sections 
were mounted in the usual way. 

Since we felt the need of being able to study the histologic changes in the 
ventral horn cells in the same material which had been prepared for the study 
of degenerative changes in the fiber tracts, a method was devised for counter- 
staining the material prepared by the modification of the Marchi method described. 
After the paraffin section from this material had been mounted in the usual way, 
the paraffin was dissolved with xylene, and the sections were run to water. They 
were then treated with 1 per cent potassium permanganate for one minute and 
5 per cent oxalic acid until white and were then counterstained with a 1 per cent 
solution of neutral red that had been ripened by Morgan’s (1926)2 method. The 
slides carrying the section were covered with the neutral red solution from a 
pipet and then were heated until the solution had steamed for from two to three 
minutes. Then the sections were washed, dehydrated and mounted in the usual 
way. Used in this way, neutral red is a specific stain for the Nissl substance 
of the nerve cells. The sections present a pleasing appearance, as the neutral red 
contrasts well with the black or brown stain of the osmic acid. Sections from 
the fifth and sixth cervical and from the fifth thoracic segments were prepared 
by this method. 

Blocks from the sixth and seventh cervical and from the ninth thoracic 
segments were dehydrated: and imbedded in celloidin. Sections from 20 to 30 
microns thick were cut from these blocks and stained by the standard Pal-Weigert 
technic. 

In addition, blocks from the sixth and eighth cervical and from the second, 
fifth and ninth thoracic segments were dehydrated and embedded in paraffin. 
Sections 10 microns thick were cut from these blocks and stained with Delaney’s 
(1927)* modification of the Nissl technic. And finally, sections from the sixth 
cervical and from the second and fifth thoracic segments were stained with 
hematoxylin and eosin, Erlich’s aqueous hematoxylin and alcoholic eosin being 
used. 

As this specimen came from one who had died seventeen days after a lesion 
to the cord had occurred, degeneration of the myelin sheaths of the myelinated 
fibers of the cord would be going on, but would not be completed, in this short 
a time. Hence one would expect material prepared by a technic, such as the 
Pal-Weigert* technic for staining myelin sheaths to fail to show any profound 
pathologic changes, but material prepared by the Marchi technic for the demon- 
stration of myelin sheaths in the process of degeneration, to show definite 
pathologic changes. Our material showed these assumptions to be correct. 

Casual examination of the Pal-Weigert material disclosed an appearance of 
normally staining white matter and myelin sheaths, but more careful study with 


1. Busch: Ztschr. f. wissensch. Mikr., 1899, vol. 15. 

2. Morgan, L. O.: Iron Hemotoxylin as a Myelin Sheath Stain and Neutral 
Red Ripened by Colon Bacillus as a Nerve Cell Stain, Anat. Rec. 32:283, 1926. 

3. Delaney, P. A.: Reliable Methods for the Fixation and Staining of Nissl 
Substance, Anat. Rec. 36:111, 1927. 


4. Hardesty, I.: Neurological Technique, Chicago, University of Chicago 
Press, 1902. 














DAVIS-VORIS—SPINAL CORD INJURY 155 


the high power objective showed that the myelin sheaths of the lateral funiculus 
in the region of the corticospinal and the rubrospinal tracts were somewhat frag- 
mented and in some cases partly destroyed, presenting a quite different appearance 
from the normal myelin sheaths of the normal spinocerebellar tracts at the 
periphery of the lateral funiculus. This condition of partial degeneration of the 
myelin sheaths obtained more on the right side than on the left, and was seen 
in sections from the sixth and seventh cervical segments. Sections from the 
ninth thoracic segment presented a normal appearance as far as could be seen. 
In other respects, the Pal-Weigert material presented a normal appearance. 

The Marchi material from the fifth cervical segment showed a generalized 
degeneration of the myelin sheaths in the fasciculus cuneatus (B. N. A.) of the 
dorsal funiculus, in the corticospinal and rubrospinal paths of the lateral funiculus, 
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Fig. 8.—Photomicrograph of section of seventh cervical segment (Marchi 
stain), showing degeneration of the descending fiber tracts; x 13.5. 


and in the ventral funiculus. In the sixth cervical segment, the degeneration in 
the dorsal funiculus was mainly in the lower part of the fasciculus cuneatus and 
apparently in the comma-tract of Schultze. In the lateral funiculus, the degen- 
eration of the descending paths was more marked on the right side than on the 
left, and there was no degeneration at all in Flechsig’s bundle or in Gower’s 
fasciculus. There was extensive degeneration in the ventral funiculus, especially 
in that part bordering on the ventral horn of the gray matter. The same condi- 
tions were seen in the sections from the seventh and eighth cervical segments 
(fig. 8). 

This general picture changed little throughout the thoracic region except in 
detail. The degenerated fibers, all belonging to descending paths, became fewer 
in number as examination went lower in the thoracic region. Thus, in the eighth 
and ninth thoracic segments (fig. 9) there were few degenerated fibers in the 








156 ARCHIVES OF SURGERY 

















Fig. 9.—Photomicrograph of a section from the eighth thoracic segment 
(Marchi stain), showing degeneration of the descending fiber tracts; « 13.5. 











Fig. 10.—Photomicrograph of section through Clarke’s nucleus at the fifth 
thoracic segment, showing chromatolysis; « 300. 
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dorsal funiculus, and those that were present were close to the medial surface 
of the dorsal horn of the gray matter. In the lateral funiculus, the degeneration 
in the corticospinal and rubrospinal paths was much more abundant on the right 
side than on the left. And in the ventral funiculus, the degenerated fibers were 


scattered mainly along the ventral median fissure and at the anterior periphery 
of the ventral funiculus of the cord. 


In all the sections treated by the Marchi method, black or brown staining 
droplets could be seen in cells of the gray matter of the ventral horn. These 
droplets were apparently made up of lipoid materials that took the osmic acid 
stain and were normally present in the cells of the central nervous system. In 
the sections from the sixth and seventh cervical and from the fifth thoracic seg- 
ments that were prepared by the Marchi method and then counterstained with 
neutral red, a few of the cells of the ventral horn showed some degenerative 
changes in the Nissl substance, but the changes were not marked and there were 
comparatively few cells showing these changes. However, in the sections from 
the fifth thoracic segment, the cells of the nucleus dorsalis of Clarke of both sides 
showed definite chromatolytic changes in the Nissl granules (fig. 10). 

The same was true of the sections from the sixth and eighth cervical segments 
and from the second, fifth and ninth thoracic segments that were stained by 
Delaney’s modification of the Nissl method. There were no marked degenerative 
changes in the ventral horn cells, but in the thoracic region the nucleus dorsalis 
of Clarke of both sides showed profound chromatolytic changes in its cells. The 


cells were swollen, the Nissl granules were disintegrated, and the pale nuclei were 
placed eccentrically in the cells. 


COMMENT AND SUMMARY 


In summary, we may say that a portion of. the cord taken from 
the region of the lesion and below, and including the last four cervical 
and the first nine thoracic segments, showed degeneration of the 
descending tracts, particularly those of the lateral and ventral funiculus, 
below the site of the lesion. There was a preponderance of degener- 
ation on the right side. In the thoracic region there were degenerative 
changes in the nucleus dorsalis of Clarke. This latter was indirect 
evidence that there was a lesion of the fibers of at least one ascending 
tract, the dorsal spinocerebellar. 

The extensive degeneration of descending fiber tracts below the 
lesion and probably of ascending fiber tracts above the lesion point to 
a crushing lesion of the cord. The sensory disturbances could readily 
be explained as the result of a hematomyelia, or particularly of a 
hemorrhage into the gray matter, as the disassociation of pain and 
temperature sensations from tactile sensation points to that type of 
lesion. However, we feel that such extensive degeneration in the white 
matter, while probably due, in part, to the hemorrhages noted, could 
not be due to them entirely. The disturbance of the blood supply of 
the white matter through a distance of two or three segments at the 
most would not be a sufficient injury of the fibers to cause their 
degeneration and certainly the hemorrhage as seen at the postmortem 
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examination was not great enough to cause a pressure sufficient to 
cause degeneration of the fiber tracts. Myelinated nerve fibers depend 
mainly on their cells of origin for nutrition and are comparatively 
resistant to trauma. 
CONCLUSION 

From the consideration of the x-ray pictures, the clinical history, 
the results of the physical examination and the gross and microscopic 
pathologic observations, we conclude that this patient sustained an 
injury of the spinal cord in the nature of a temporary compression of 
the cord from a fracture dislocation of the sixth cervical vertebra. 

The injury here corresponded to the type of buckling injuries in 
which there is at the time of injury pressure on the spinal cord by a 
temporary dislocation or fracture dislocation and in which, when the 
causal force is removed, the dislocation is reduced. 
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IN SPONDYLITIS DEFORMANS* 


I. WILLIAM NACHLAS, M.D. 


BALTIMORE 





Spondylitis deformans is to be differentiated from the deformities of 
the spine produced by arthritis, vertebral tuberculosis, developmental 
and postural defects, such as scoliosis and round shoulders, and the stiff 
backs incidental to trauma. As described by von Bechterew, Striimpel 
and Marie, the spinal disease considered forms a distinct clinical picture 
with these characteristics: a chronic progressive stiffening of the spine 
engrafted on a slowly increasing flexion deformity that ultimately leaves 
the back rigid in a stooped position, frequently extending to involve the 
costovertebral joints to produce a rigid thoracic cage and sometimes 
involving the hips and shoulder joints. It usually attacks young men 
in the postadolescent period. The typical case presents a startling pic- 
ture. The patient walks along with his body stooped far over so that 
he is facing the ground. To face the person with whom he talks he 
must rock his entire body back and roll his eyes up. The wall of the 
chest presents no motion, leaving his respiration entirely abdominal. 
When lying on his back, his fixed spine retains its semicircular position 
so that he can be rocked to and fro. The condition is usually distressing, 
not only on account of the pain but also on account of the disability and 
the deformity. Pathologically, the disease is characterized by an 
involvement of the perivertebral ligaments, so that as one follows the 
progress of the condition by roentgen examination one sees an increas- 
ing calcification of these ligaments. Autopsies have shown the spinal 
rigidity to be due to an almost solid layer of bone that surrounds the 
bodies of the vertebrae. 

The treatment for spondylitis deformans has been similar in many 
ways to that for infectious arthritis of the spine. This would naturally 
follow the resemblance of the clinical manifestations of this disease in 
its earlier stages to arthritis of the spine. Furthermore, some authori- 
ties feel that the disease is a localized expression of a generalized arthritic 
process. At any rate, most of the patients suffering with spondylitis 
have been combed for foci of infection and subjected, when possible, 
to their radical removal. 

It has long been felt that in spite of the most careful eradi- 
cation of such foci, the deforming spondylitis was not being checked. 
It was to determine the accuracy of this impression that I made a survey 
of such cases on record at the Johns Hopkins Hospital and of such 
other cases as have come under my attention. After weeding out those 


* Submitted for publication, April 9, 1929. 
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which did not show the characteristic history and symptoms of spondy- 
litis deformans, I collected sixty-six. Since the handling of the earlier 
cases differed from that of the later ones, it has been convenient to 
subdivide them into two groups, those in which the patients were seen 
before 1916, and those in which they were seen after that date. In the 
earlier cases, no systematic search for foci was made, but the patients 
were treated with rest in bed and plaster cast immobilization. In the 
second group, however, routine treatment consisted of the localization 
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A patient with spondylitis deformans standing as erect as possible. This 
patient had previously been stretched with a resultant gain of 5 inches (12.70 cm.) 
in height. 


of any infectious process and, when possible, the operative correction. 
In addition to the focal treatment, orthopedic measures were applied. 
Studies of the effect of focal treatment must therefore be based on this 
second group. This group included fifty-six cases, but in only forty- 
five of these were foci of infection found: twenty-six occurred in the 
nose and throat, fifteen in the mouth and twenty-three in the genito- 
urinary regions. Gastro-intestinal disturbances were noted in four 
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patients. Of the twenty-six patients with involvement of the nose and 
throat, nineteen had had tonsillectomies performed before they sought 
relief in the clinic. None of these patients reported anything more than 
temporary relief from symptoms between the period of their operation 
and their admission to the hospital. In addition to these, seven patients 
had their tonsils removed by members of the staff. Practically all of 
the patients with infections of the teeth were given the benefits of 
extraction. The patients with gonorrhea were submitted to massage 
and irrigation, and in two instances, because of delayed response to 
this therapeutic procedure, seminal vesiculectomy and prostatectomy 
. were performed. In two of the patients of the group enlarged lymph 
glands were removed and cultures were made to produce a vaccine 
which was used therapeutically. 

To justify the recommendation of surgical procedures one should 
be convinced that at least a fair number of patients are likely to show 
improvement. The ideal recovery, of course, would constitute a cessa- 
tion of the disease process followed by the complete functional restora- 
tion. Since, however, at times there is already considerable fusion of 
the vertebrae when the patients themselves, one would be justified in 
considering one’s efforts rewarded if the disease process could be stopped, 
even though complete mobility of the spine could not be restored. On 
the other hand, since the disease is, after a fashion, self-limited, that is, 
runs on to a state of complete spinal rigidity at which time the symp- 
toms of pain clear up, one must be careful not to attribute to the 
removal of foci of infection the freedom from pain that comes long 
after the focal treatment has been completed. 

With these criteria in mind, a survey of the cases fails to show one 
distinct instance of lasting improvement following the removal of foci 
of infection. Indications of the failure of this procedure could be 
noted in the fact that so many of the patients came for treatment in 
spite of their earlier careful focal treatment. A follow-up of patients 
on whom focal eradication was performed likewise failed to show 
improvement. From these observations one is forced to admit the 
futility of focal treatment in spondylitis deformans. 

Much more favorable results followed the orthopedic maneuvers. 
Working on the assumption that the condition of the spine would in 
all likelihood progress to a state of rigidity, efforts were directed toward 
obtaining as good a posture as possible and then holding the improved 
position till the fusion had taken place. Since most of the patients 
who presented themselves were already rather bowed, an attempt was 
made to straighten them by having them lie on their backs on a spring- 
less bed (fracture bed) or on a Goldthwaite frame. The effects of 
gravity in straightening the patients thus treated were in many cases 
striking. One man.after resting two hours daily on his back for a 
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period of two months gained 5 inches (12.70 cm.) in height as his 
curvature was being corrected. In some instances head and _ pelvic 
traction was necessary. In_all, this process of slow stretching was 
attended by severe pain, often necessitating the use of opiates during 
the stretching periods. In none of the patients was forcible manipula- 
tion attempted under an anesthetic because of the obvious dangers. I 
feel that this conservative course is to be credited with the freedom 
from neurologic accidents shown in the records of these cases. 

After the patient had been straightened, or after as much straighten- 
ing had been obtained as was justified by the stretching process, a 
e plaster of paris support was made. This permitted the patient to become 
ambulatory and in most instances to return to work, without again 
developing his deformity. By observing the clinical symptoms and by 
roentgen studies from time to time, one was able to determine when 
the disease had run its course. As a rule, this happened when fusion 
had taken place. At that time the support could be removed without 
fear of recurrent deformity. The patient was stiff in the erect position, 
was able to walk upright and could meet the world face to face. It is 
true that on attempting to stoop and bend from side to side he had to 
resort to motion at the hips and knees, yet the freedom from pain 
allowed this to be done without any great discomfort. It is a matter 
of interest, also, that in those patients in whom ankylosis in the erect 
position was allowed to occur the complications of the hip and knee 
were not observed. 

The deductions are clearcut. While one cannot gainsay the propriety 
of removal of gross, obvious foci of infection for general hygienic 
purposes, I feel justified in concluding from these studies that the results 
do not warrant radical operative procedure performed with the idea of 
removing the causative factor of the spondylitis. I particularly wish to 
stress the importance of close attention to the corrective orthopedic 


procedures which, though only symptomatic, offer the one hope of actual 
improvement. 
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Club Feet—Boehm®* carefully studied the normal human embryo 
foot at two, three and four months and found interesting parallels to 
the shape of the club foot. For comparison he prepared the club feet 
of a 7 months old fetus after the method of Hans Virchow, preserving 
the topographic position of the bones as they were in the original speci- 
men. The comparison showed that the marked right-sided clubfoot 
had a great similarity to the embryonic foot of the fifth or sixth week 
and that the lighter left-sided clubfoot was almost a reflected image of 
the embryonic foot of the twelfth week. Boehm concluded that the 
congenital clubfoot represented an arrested development. 
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Congenital Dislocation of the Hip Joint.—Krida,? in discussing a 
series of thirty-one cases released from fixation dressings in children 
of an age group up to 3 years, said that twenty-eight might be considered 
to be satisfactory results in periods of observation up to two years. 
Minor deviations from anatomically normal hips. would have to be 1 
evaluated at a much later time. 

















* Submitted for publication, Dec. 10, 1929. 
* This Report of Progress is based on a review of 313 articles selected from 
523 titles dealing with orthopedic surgery appearing in medical literature between 
Feb. 15, and June 1, 1929. Only those papers which seem to represent progress 
have been selected for note and comment. i] 

1. Boehm, M.: Ztschr. f. orthop. Chir. 51:409, 1929. 1% 
2. Krida, A.: Am. J. Surg. 61:185 (Feb.) 1929. 7 
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His method of procedure in this age group was manual reduction 
with a minimum trauma. At the first sitting, the hip was fixed in 
plaster in the original 90-90 degrees attitude of Lorenz, except that the 
dressing was carried below the knee. This position was maintained for 
two weeks. At the second sitting, the anterior distortion was evaluated 
by a study of the roentgenograms made before reduction but particularly 
of what might be gained by palpation of the structures of the hip joint. 
The abduction was carefully reduced to about 25 or 30 degrees, and 
the patella brought into the sagittal plane. If the head remained deeply 
placed in the tissues of the groin and in its proper relation to the femoral 
artery, it might be assumed that no abnormal anterior distortion was 
present. The limb was fixed in this position until the end of treatment. 
If the head became prominent in the groin and if on even slight out- 
ward rotation of the extremity it became displaced slightly laterally 
to the line of the femoral artery, it might be assumed that a degree 
of anterior distortion existed which was inimical to the ultimate security 
of the joint. This hip was then put into forced internal rotation and 
left there for three months. 

At a third sitting, by means of manual force a supracondylar fracture 
was made, and this usually occurred in the segment above the epiphyseal 
line. Outward rotation of the lower fragment was made until the 
patella lay outside the sagittal plane. A plaster spica was applied with 
the lower fragment in this position and in about 20 degrees of abduction 
and slight flexion of the hip and knee joints. This plaster was worn 
for two months, thus giving in the ideal case a period of fixation of 
somewhat less than six months. During the last month of fixation, the 
patient ought to stand and make attempts at ambulation. 


[Ep. Note.—This work represents a logical attempt to solve a 
difficult complication of congenital dislocation of the hip, and it will 
be interesting to receive further reports of the late results. | 


THE SPINE 


Anatomic Variations.—In five of fifty-six Bantu skeletons, Shore * 
found an anomalous mode of development of the lower lumbar vertebrae 
resulting in the separation of the dorsal arch by a congenital cleft. One 
of the five exhibited a spondylolisthesis. Willis * found this congenital 
division of the vertebral lamina in the skeletons of 31 of 748 Americans 
(white and colored). 

Cushway and Maier ® recommended that a roentgenologic examina- 


tion be made of all employees in industries in which injuries of the 


3. Shore, L. R.: Brit. J. Surg. 16:431 (Jan.) 1929 
4. Willis, T. A.: Am. J. Anat., vol. 32, p. 95. 


5. Cushway, B. C., and Maier, R. J.: Routine Examination of the Spine for 
Industrial Employees, J. A. M. A. 92:701 (March 2) 1929. 
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spine are common. This form of examination would prevent the 
employment of those unfit for certain types of labor. Just compensation 
to the injured would be certain, as this form of examination would 
definitely fix the date of injury within the term of employment. 

Cushway and Maier had made this examination as a routine measure 
in all the regular examinations of employees and had found that 
anomalies were common and did not necessarily cause painful backs. 
There was a total of 931 cases, and 607 variations were found in 414 
cases. The total number of congenital and developmental anomalies was 
510. The types of observations were: spina bifida occulta, 161; 
scoliosis, 81; lumbar ribs, 81; proliferative changes, 63; sacralization, 
50; deformity of the coccyx, 32; six lumbar vertebrae, 25; incomplete 
union of the first and second sacral segments, 21, and deformity of the 
transverse processes, 14. 

Bohart ® wrote that a study of practically 1,000 symptomless spines 
showed approximately 44 per cent of anomalies and anatomic varia- 
tions; spina bifida occulta was noted most commonly, and sacralized 
transverse processes came next in frequency. With the exception of 
the spines which showed lipping or spur formation, there did not seem 
to be any lengthened disability or any increased tendency to injury 
over the normal spine. 


|Ep. Nore.—These figures give a fairly accurate estimate of the 
relative importance of congenital anomalies. | 


Pathologic Lesions of the Spine —Experiments on the cadaver made 
by Chasin* showed that destructive changes in the vertebrae had to 
be of considerable size to be noted on the roentgenogram. A defect 
of from 1 to 1.5 cm. width could not be seen. Defects of one fourth 
of the body were not seen, provided the cortical layer was intact; and 
in the sacral vertebrae complete defect of the spongy layer was not 
visible if the cortex was preserved. Schmorl,*® from his unusual experi- 
ence in.the study of the pathology of the vertebrae, described certain 
peculiarities of infantile and adult vertebrae heretofore not sufficiently 
known. On the upper and lower surface of the body after removal of 
the intervertebral disk, a sievelike perforated plate was noticed sur- 
rounded by a border without holes. The holes undoubtedly served the 
nutrition of the disk. On the other hand, the juvenile vertebra showed 
on the upper and lower surface small radiating furrows and irreg- 
ularities. In Schmorl’s opinion, the so-called epiphysis of the body of 
the vertebra was not a structure of comparable value to the epiphyses 


6. Bohart, W. H.: Anatomic Variations and Anomalies of the Spine, J. A. 
M. A. 92:698 (March 2) 1929. 


7. Chasin, A.: Fortschr. a. d. Geb. d. R6ntgenstrahlen, 1929, vol. 37, no. 4. 
8. Schmorl, G.: Arch. f. klin. Chir. 150:420, 1928. 
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of the long bones and had nothing to do with the growth of the vertebrae. 
With advancing age, Lyon® noted that the intervertebral disk was the 
most frequently and most early affected part of the spine. Presenile 
aging, infectious diseases and other diseases played the primary role. 
The anatomic changes consisted of fibrillation, softening decay and 
fatty degeneration, frequently followed by calcification; i. e., processes 
resembling those of arteriosclerosis. These changes of the intervertebral 
disks were followed by the well known changes at the borders of the 
vertebral bodies which were not primary but secondary. 


| Ep. Note.—This observation is true and follows the course outlined 
by Nichols and Richardson for degenerative arthritis in other joints. | 


THE FOOT 


The Normal Foot.—Among other interesting statements made by 
Sir Arthur Keith *° in the third Hugh Owen Thomas lecture in which 
he traced the history of the human foot was the observation that man’s 
mode of progression resulted in an increase in the supporting or tarsal 
elements and a lessening of the digital or prehensile parts of the foot. 
Sir Arthur traced in detail the changes which transformed the prehensile 
foot of the ape into the static foot of man, taking up the evolution of 
the plantar fascia and of the various muscles. He pointed out that 
as the hallucial element of the foot became incorporated in the plantar 
arch it was done by adduction not of the great toe to the outer toes but 
of the outer toes to the great toe. He further emphasized that the 
primary factors in maintaining the balance of the foot were the muscles 
and not the bones or ligments. 


NUTRITIONAL AND METABOLIC DISTURBANCES OF BONE 


Rickets —Tisdall and Brown," in an interesting study of the relation 
of the altitude of the sun to its antirachitic effect, stated: 1. A marked 
increase occurred in the antirachitic effect of sunshine when, the sun 
reached an altitude of 35 degrees or more. 2. A study of the geographic 
distribution of rickets showed that rickets was uncommon or existed 
chiefly in a mild form in. those places where the minimum seasonal 
altitude of the sun was not much less than 35 degrees. 3. Conversely, 
severe rickets was chiefly encountered in those cities where the altitude 
of the sun was below 35 degrees for some months of the year. 4. The 
period of the year during which rickets would probably develop could 
be calculated for any city in the world. The duration of this period 


9. Lyon, E.: Arch. f. orthop. Chir. 26:295, 1928. 
10. Keith, Arthur: J. Bone & Joint Surg. 11:10 (Jan.) 1929. 


11. Tisdall, F. F., and Brown, A.: Relation of the Altitude of the Sun to Its 
Antirachitic Effect, J. A. M. A. 92:860 (March 16) 1929 
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might be altered, however, by the prevention of exposure of patients to 
highly effective sunshine on account of inclement spring weather or j 
other factors. 


Parathyroids——During recent years the excision of one or more 
parathyroid glands has been performed in cases of generalized osteitis i 
fibrosa. Mandl’? pointed out the danger of the uncritical removal of 
the parathyroids. If a tumor of one is found, the others should be 
examined surgically, and, if normal, the tumor may be removed. If all 
the parathyroids are enlarged, frozen sections should be examined to 
determine whether enough normal parathyroid substance is present 
before one or more is excised. 


TUMORS 






















Putti ** agreed with John B. Murphy “that in cases of sarcoma the 
diagnosis could and should be made entirely by the history and with the 
aid of skiagrams.”’ He said that trauma was of the greatest importance. 
Isolated direct trauma was likely to induce a tumor of the peripheral i 
layers with a short latent period, whereas indirect trauma, distortions a 
and fractures were more likely to be causes of sarcomas with a long | 
latent period and a central situation. The author believed that there i) 
were few pathologists who possessed the art of making a differentiation 
of pathologic conditions in the light of the best interest of the patients. 
Putti preferred the classification of Nove-Jusserand and Tavernier and Fi 
the more schematic one of Ewing. Phemister ™ classified the types 
of tumor of the bone, both benign and malignant, and discussed their 
diagnosis from the roentgenologist’s standpoint. He felt that most 
sarcomas of the bone had metastasized before they were recognized. 
Consequently, one ought to learn to recognize benign lesions and treat 





cme aan lata: 


them promptly by appropriate operative measures. Amputation for i | 
benign tumors was rarely indicated, and roentgen treatment was of fi 
no value. bi 

|Ep. Note.—In spite of the efforts of some, the whole question of i 
tumors of the bone seems very much of an enigma to the average man. q 


Certainly the pathologists who see these cases can help and one must f 
depend on them a great deal in deciding the treatment. | 


TUBERCULOSIS 







Cleveland and Pyle ** reported the cases of sixty patients with tuber- ) 
culosis of the bone and joint treated by operation, with 53.3 per cent 
good results and twelve deaths. They argued from the standpoint of if 
———_— — 

12. Mandl, F.: Zentralbl. f. Chir. 56:1739, 1929. ; 







13. Putti, V.: Surg. Gynec. Obst. 48:324 (March) 1929. 

14. Phemister, D. B.: Northwest Med. 28:1 (Jan.) 1929. | 
15. Cleveland, M., and Pyle, E.: Joint Tuberculosis, J. A. M. A. 91:1496 

, 4) 1929. 








: 
1 
Fl 
Ph 
| 
} 
’ 
Tl 






. . es Serene nt rt ee 
Be Ae AMINE is BRS sets PRR cas ee 2 


168 ARCHIVES OF SURGERY 





economy that operative treatment brought about a saving in costs to the 
patient and to the community. 


[| Ep. Note.—This may well be true but their end-results do not show 
a high percentage of good results. After all, these are more important 
than costs. The costs may be dependent too on the type of conservative 
treatment received. | 

Doub and Menagh ** reported the cases of two patients showing 
indolent, painless, nonulcerating granulomas of the subcutaneous tissue 
or sarcoid of the Beck and Darier-Rousay type associated with slowly 
progressive alteration of the trabecular formation of the bones followed 
by actual destruction as the lesion progressed. The phalanges were 
most frequently involved, although the metacarpals and metatarsals also 
showed lesions. One case showed involvement of the lower end of the 
radius. While the etiology was not indisputable, most of the evidence, 
both clinical and experimental, pointed to the tubercle bacillus as the 
etiologic factor. 

By repeated routine inoculations of urine into guinea-pigs, Harris 
showed that tubercle bacilli were present in the urine in 37 per cent 
of adult and 14 per cent of children suffering from tuberculosis of the 
bone or joint. Although this bacilluria was unaccompanied by symp- 
toms of renal tuberculosis, Harris adduced evidence to show that it 
signified a tuberculous lesion of the kidney and not simply the excretion 
of the tubercle bacilli by the kidney from the blood stream. 

With improved antigens prepared from human and bovine tubercle 
bacilli, Thjgtta and Gundersen ** carried out complement-fixation tests 
in 325 specimens of blood serum. The authors felt that the test could 
not be compared with the Wassermann test in syphilis. Its value was 
not great in pulmonary tuberculosis, and no dependence could be placed 
on it in tuberculosis of the bones and joints or in tuberculosis of the 
skin. 

PYOGENIC AND OTHER INFECTIONS 


Wilensky * found the spine involved in only 9 of 578 cases of 
osteomyelitis, 1.5 per cent. The mortality rate was high, from 35 to 
45 per cent. Cases in which the posterior neural arch was affected gave 
the best prognosis. 

Porter and Rucker *° treated five patients with acute gonococcal 
synovitis of the knee joint with serofibrinous or purulent exudates with 
aspiration and air insufflation. They said that the relief from local and 


16. Doub, H. P., and Menagh, F. R.: Am. J. Roentgenol. 21:149 (Feb.) 1929. 

17. Harris, R. I.: Brit. J. Surg. 16:464 (Jan.) 1929. 

18. Thjgtta, T., and Gundersen, E.: Am. Rev. Tuberc. 19:212 (Feb.) 1929. 

19. Wilensky, A. O.: Ann. Surg. 89:561 (April) 1929. 

20. Porter, W. B., and Rucker, J. E.: Air Insufflation in Treatment of Acute 
Gonococcal Synovitis of Knee Joint, J. A. M. A. 92:1513 (May 4) 1929. 
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constitutional symptoms had been prompt and lasting. In no case had 
there been an aftermath of partial ankylosis. A return to normal 
function had occurred within an average of twenty-three days. 


ARTHRITIS 


Beryl Harding *! demonstrated that muscles that wasted as a sequel to 
arthritis showed a great increase in oxygen consumption (8.3 cc. com- 
pared with the normal 4.6 cc. per one gram of muscle per one minute), 
whereas muscles that wasted as a sequel to disuse showed a normal con- 
sumption of oxygen (5.1 cc.). She suggested that this increase was 
the result of an increased catabolism, and that atrophy resulted from 
the failure of the reparative powers to keep pace with the undue tissue 
breakdown. In disuse atrophy there was no increased catabolism but 
simply an impairment of the synthetic powers of the affected muscles. 
Harding postulated that the increased catabolism might be due to an 
increase in the number of sensory impulses arising in the joint, and in 
proof of this she found that division of the posterior nerve roots supply- 


ing the arthritic joint prevented the muscle from wasting. The experi- 
ments were controlled. 


| Ep. Nore.—This seems to us a really important contribution to the 
knowledge of atrophy. The facts seem to show that there is more than 
a simple disuse atrophy in certain of these cases. | 

Pemberton,*? in discussing the rationale of physiotherapy in arthritis, 
noted that the only undoubted influence of massage, heat and exercises 
was through their effect on the peripheral circulation. Exercise induced 
a systematic acidosis that led to alkalosis, while massage had no such 
influence on the acid base equilibrium. 

Haden ** believed that practically all cases of acute arthritis were 
due to infection. In chronic atrophic arthritis all evident foci of infec- 
tion ought to be removed, usually in teeth, tonsils and sinuses. It should 
be remembered that arthritis represents the interaction of focus and 
patient. He said that many chronic infections occurred without arthritis. 
Much more could be expected clinically from the removal of an active 
infection than from the elimination of a mild, symptomless one. Chronic 
hypertrophic arthritis was not primarily an infectious disease. Foci of 
infection should be removed because they were harmful in themselves, 
not because their removal might influence the disease. 


[Ep. Note.—Neither of these articles presents anything particularly 
new on the subject. Haden’s stand on infection is apparently growing 
stronger. His point as to active infections is perhaps true, but to decide 
as to the activity of such an infection is a difficult matter. ] 


2 
22 
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Harding, A. E. B.: Lancet 1:433 (March 2) 1929. 
. Pemberton, R.: Radiology 12:235 (March) 1929. 
Haden, R. L.: J. Missouri M. A. 26:1 (Jan.) 1929. 
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DISORDERS OF THE NERVOUS SYSTEM 


Steindler,** in a preliminary report, attempted by using the oscillo- 
graph to determine the effect of sectioning the rami communication of 
the sympathetic system. He reviewed briefly the anatomic, physiologic 
and clinical evidence for the rationale of this procedure, the importance 
of which was emphasized by Hunter and Royle a few years ago. Using 
the gastrocnemius and the quadriceps muscles, he recorded the four 
stages of muscular action (rest, beginning innervation, maximum inner- 
vation and relaxation) in normal persons, in a patient with Buerger’s 
disease following sympathetic ramisection, in another patient with 
hemiplegia and in a case of muscular dystrophy. In the last three there 
was a distinct reduction in the rate of oscillation of the action current. 
Following ramisection in a case of spastic paralysis, there was also 
reduction in the frequency and amplitude of oscillations on the sym- 
pathectomized side. These observations suggested to Steindler that 
following ramisection there was considerable change in the response 
of the sympathetic system, but whether it was due entirely to the 
elimination of the innervation or secondarily to changed metabolism 
(altered blood supply as suggested by Cobb) could not be determined. 

Pollock and Davis,®® after experiments with decerebrate animals, 
were of the belief that there was a wholly new mechanism to explain 
the plasticity and the lengthening and shortening reaction of muscles. 
It was not in harmony with the all-or-none activity of individual fibers, 
which was the basis of the Sherrington conception. They said that the 
extensibility of a muscle during a tonic reflex might be an intermediate 
state of muscle contraction. The opposing muscle was dependent on 
the integrity of the posterior roots for the property of shortening to 
accommodate to the lengthening of the agonist with a proved adjustment 
to new length and load against which it works. 

Wilfred Harris ** recorded two instances of pressure neuritis of the 
deep branch of the ulnar nerve, in a bootmaker and a motor cyclist, 
respectively. The paralysis was limited to the abductors and adductors 
of the three outer fingers and the adductors of the thumb. There was 
no wasting of either thenar or hypothenar eminence, and no weakness 
of abduction or opposition of thumb and little finger. Great difficulty 
was experienced in writing and in picking up a pin. Harris could find 
no reference to this occupational pressure neuritis in the literature, but 
Worster-Drought ** fourteen days later wrote that he had seen four 
similar cases in the past two years. 


24. Steindler, A., and Lindemann, E.: J. Bone & Joint Surg. 11:1 (Jan.) 1929. 

25. Pollock, L. J., and Davis, L.: Muécle Tone: Extensibility of Muscles in 
Decerebrate Rigidity, Arch. Neurol. & Psychiat. 21:19 (Jan.) 1929. 

26. Harris, Wilfred: Brit. M. J. #298 (Jan. 19) 1929, 

27. Worster-Drought, C.: Brit. M. J. 1:247 (Feb. 9) 1929. 


(To be cducluded) 
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MISCELLANEOUS 

Some Aspects of the Physiology of Muscular Exercise —By studies 
of cardiac output, pulse rate, blood flow, vital capacity of the lungs and 
chemical changes in the blood, Bock ** and his co-workers were able to 
show that vast differences existed between athletes in training and 
persons of sedentary existences in their reaction to muscular exercise. 
DeMar, the famous Marathon runner, was compared to three persons 
leading much less active lives. The studies demonstrated that systematic 
physical training carried out over long periods of time increases the 
lung capacity, induces a slow pulse rate, increases the stroke volume of 


the heart, reduces systemic blood pressure during work and apparently 
greatly increases the oxidation capacity of the muscle cells. 





| Ep. Note.—Bock’s studies are of great clinical importance in that, 
by estimating these various factors, accurate knowledge can be obtained 
concerning a patient’s physical fitness. The neurasthenic person, for 
instance, although apparently unable to perform many tasks, may be 
found by these studies actually to be capable of rather strenuous exer- 


cise. On the other hand, a person convalescing from a prolonged illness 
will show low reserve power. | 


Painful Shoulder.—Perkins ** separated four clinical types from the 
many examples of painful shoulder: (1) Adhesions around the joint, 
characterized by limitation of movement at the shoulder joint through 
the outer half of its range. It is curable by manipulative surgical inter- 
vention. (2) The so-called subdeltoid bursitis which he preferred to 
call tendinitis, characterized by painful niovements through a small arc 


in the middle of the normal range. It is curable in the hyperacute stage 


by operation (removal of the calcareous nodule in the tendon of the 
supraspinatus ) and in the acute stage by resting the shoulder joint in 
partial abduction, with the assistance of time. (3) Osteo- arthritis of the 
shoulder joint, characterized by painful extremes of movement. It is 
incurable but capable of alleviation by physiotherapy. (4) Subacute 
arthritis of the shoulder joint, characterized by muscle spasm at the 
commencement of movement. The patient should be treated by rest 
on an abduction splint, and the eradication of septic foci from the body. 

Brailsford *° examined roentgenographically 347 patients complain- 
ing of pain in the region of the shoulder. Fifty per cent showed no 
abnormality. The commonest change to be noted was osteo-arthritis of 
the acromioclavicular joint (7 per cent) and osteo-arthritis of the 
shoulder joint (3 per cent), shown by pointing and irregularity of the 
articular margins. Undetected fractures were present in 3 per cent, 


28. Bock, A. V.: New England J. Med. 200:638 (March 28) 1929. 
29. Perkins, G.: Proc. Roy. Soc. Med. (Sect. Orthop.) 22:20 (Feb.) 1929. 
30. Brailsford, J. F.: Brit. M. J. 1:290 (Feb. 16) 1929. 
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and loose bodies in 1.5 per cent. Tuberculosis accounted for 4 per cent. 
Brailsford believed that the areas in the head of the humerus, described 
by A. L. Fisher ** as due to focal necrosis brought about by amebic 
infestation, are varieties of the normal cancellous structure of the head 
of the humerus. 

| Ep. Note.—Perkins’ classification of the causes of shoulder pain 
is simple and of practical value. Injury of the supraspinatus tendon 
should be included as another cause of pain. Codman’s studies have 
shown this condition to be much more common than is supposed. | 


31. Fisher, A. L.: J. Bone & Joint Surg. 10:46 (Jan.) 1928. 


(To be Concluded) 
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Correspondence 


“CARCINOMA OF THE MALE BREAST” 


To the Editor:—In April, 1927, I published an article in the ARCHIVES under 
the title given. It contained a table showing data on the cases of forty-one patients 
who were alive at that time. 


Follow-Up Data on the Forty-One Patients 





Case Date of 
Operutor Designation Operation 


W. F. M. 5/28/11 Well 10/23/29 
3 10/ 4/13 
5/ 5/15 Well July, 1929 
8/ 2/17 
5/24/19 Died 3/9/28; apoplexy; said to be free from cancer 
?/ 27/19 Well 11/7/28 
Well June, 1929 
Died 8/19/27; recurrence 
Well 11/18/28 
Well 10/17/28 
9/5/29, cancer-free; health poor 
Well June, 1929 
Died; recurrence, Feb. 15, 1929 
Died, December, 1927; apoplexy; said to be cancer-free 
Well August, 1927 
Well 6/20/29 
Died six years later following an operation, nature 


wn 
Well 6/29/28 
2/ 3/23 Well 6/20/29 
2/23/28 Thned 1/9/29; recurrence 
3/29/23 Well June, 1929 
5/ 1/23 Well June, 1929 
7/17/22 Well October 1928 
7/ 2/2 Died 4/7/28; recurrence 
Cooke........ A. W. J. 2/ 9/24 Well Nov. 5, 1929 
Auchincloss.. = 2/20/24 
Cameron..... 5/13/24 
. 3/20/24 
7/ 2/2 
8/23/24 Well 6/21/29 
7/81/24 October, 1927, alive, with recurrence in chest and abdo- 
men; must be dead now, 7/23/29; could not get further 
data 
9/ 9/2% Died 11/2/27; reeurrence 
12/24/15 Died August, 1917; recurrence 
. R. 2/ 2/2 Returned to Italy to live and eannot be found 
Boughton.... J.A.8. 5/26/25 Well June, 1929 
Sullivan...... J. H.G. 8/29/25 Well October, 1928 
Tannenbaum F. A. 9/ 5/25 Well 7/1/29 
Peck 9/15/25 Well June 18, 1929 
1925? Died one year five months after operation; said to be 
from influenza and free from cancer 
6/ 1/% 


6/18/26 Weil August, 1929 








This list has been followed up as well as possible, and the data so far as 
available at the present date are set forth in the accompanying table. 

Of the forty-one, no later record could be obtained from four. Eleven have 
since died, mostly of recurrence at the following periods after operation: eight 
years and ten months; six years and eleven months; eight years; five years and 
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ten months; six years; five years and eight months; four years and nine months; 
two years and five months; three years and two months; one year and eight 
months, and one period unknown: 

Twenty-six are known to be alive at various periods, the longest being eighteen 
years and five months. Seventeen are alive more than five years after operation. 
The latter figures are important as previous to this study it was considered by 
some writers that no male patient with a proved case of carcinoma of the breast 
had lived for five years after operation. 


J. M. Warnweicat, M.D., Scranton, Pa. 





